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This regulator 


Glows with 


vour 


Allis-Chalmers distribution 

regulators are equipped with the Vari- 

Amp feature. You get five current ratings 

from a single regulator. That can mean increases 
in current ratings of as much as 60% over the 
original rating. 

Here’s how it’s done: Reduce the regulating 
range of a step regulator and you increase the 
current capacity. The Vari-Amp feature provides 
convenient stops that limit the range in five steps. 
As loads grow, just change the stop adjustment 
to reduce ranges to handle the additional current. 


Fits Varying Requirements 
The Vari-Amp feature provides considerable flexi- 
bility. You can reduce ranges in 114% steps from 
+10% down to +5%. Range need not be equal 
in both directions. Set what you need — for ex- 
ample, 644% raise at 135% current, 10% lower at 
100% current. 


Originators of %% Step Regulation 


ALLIS-CHALMERS 


system 


2 
a“ 
a 
- 
eae oe” 
~ “ 
¢ 
7" Pd 
o 
ae 
o 


No Extra Cost 

Best of all, this convenient feature that gives you 
so many more uses for a voltage regulator comes 
at no extra cost. It gives you more for your regu- 
lation dollar because you get a lot more from a 
single regulator. 

Get the complete story on the Vari-Amp fea- 
ture. Call your nearby Allis-Chalmers office or 
write Allis-Chalmers, Power Equipment Division, 


Milwaukee 1, Wisconsin. A-4802 








ELECTRICAL ENGINEERING 


Registered United States Patent Office 





DECEMBER 


‘O55 


+ 


VOL. 74 NO. 12 





The Cover: Pietro Montana, noted Italian sculptor, presenting his excellent rendering of a bust of 
Guglielmo Marconi to AIEE President Morris D. Hooven at a ceremony in the lobby of the Engineering 
Societies Building, New York, N. Y. 


Obligations of Engineering Management in a Large Decentralized Company 
ie I ee RR eMIR ESE Giles «yc wk Ge alginw'y Wa oes Wa cedeeecedieens C.H. Linder 1039 
An Experimental Transistorized Calculator.............. ..G. D. Bruce, J. C. Logue 1044 


Design of Electric Systems in Jet Fighter Aircraft..................... G. W. Godfrey 1050 
Surface Emissivity as a Factor in Appliance Design...................... A.D. Smith 1054 
A Simplified Mathematical Approach to Hysteresis Losses........... H. L. Armstrong 1060 
Reliability in Complex Electronic Equipment........................... G.H. Scheer 1062 


Load-Phase and Load-Phase Tie-Line Energy Control of Power Systems 

eA De 30 Ge ei ea wk we tas 5 vb, ce TR Vet ce DRAB OLT hee ~ 4 dooce as aeees Frangois Cahen 1068 
A New 5-Kv 50,000-Kva De-Ion Air Circuit Breaker..... Russell Frink, J. M. Kozlovic 1072 
New NEMA Standards for D-C Motors and Generators.................. J. F. Davis 1080 
Broad Survey of Engineering Profession Essential................. ...S. C. Hollister 1085 
National Bureau of Standards Preferred Circuits — beaks 100o) J.H. Muncy 1088 
Laminates for Printed Circuits........................ Weeae cs < ..N. A. Skow 1092 


TECHNICAL PAPER DIGESTS 


A Novel Circuit for Electronic Measurements.......................... Abdel-Halim Ahmed 1049 


Analysis of Backlash in Control Systems................. 0.2... 660 e ees L. M. Vallese 1053 
Voltage Dip Caused by Arc-Furnace Loads......................... ..Charles Concordia 1059 
Insulation Systems for Dry-Type Transformers................................ Paul Narbut 1061 
Computer for Automatizing Network Analyzers...................... A. Kusko, P. N. Heller 1066 
Temperature Rise of Armature Windings........................... M. M. Liwschitz-Garik 1067 
The Future of Power Transmission in the West............................. H. D. Hunkins 1070 


Effects of Corona on Traveling Waves.................. 
Use of Business Machines for Load Forecasting....... . 
Engineering Multistage Diode Logic Circuits.......... 
Impulse Noise in Narrow-Band FM Receivers............ 
Voltage Spread and Its Effect on Equipment.......... 
The Appraisal of Delays in ‘‘Gate Type’’ Operation............ 


C. F. Wagner, B. L. Lloyd 1071 

ae! Sees J. G. Gruetter 1078 

B. J. Yokelson, W. Ulrich 1079 
pine «vein S. P. Lapin, J.J. Suran 1091 
_.H. G. Barnett, R. F. Lawrence 1094 
..Imre Molnar 1095 





Charles S. Rich 


Editor and Manager 
of Publications 


G. C. Baxter Rowe 


Associate Editor 


Editorial Assistants 
D. M. Anderson 
M. M. Hatch 
L. Mosher 
V. S. Tavitian 
R. E. Whitlock 


J. S. Lopes 
Advertising Director 


W. E. Maginn 
Eastern Advertising 
Director 


Thomas P. Galavan 
A. ©. Dillenbeck, Jr. 
West Coast Adv. Office 
635 S. Kenmore Ave., 

Suite 201 
los Angeles 5, Calif. 
Tel: DUnkirk 5-3991 





MISCELLANEOUS SHORT ITEMS: New Cable-Coating Materials Used, 1043; Produc- 
tion Flexibility Attained, 1048; Voltage-Divider-Switching Capacitor Bank Is Erected, 1065; 
Power Company Retires Veteran Turbine, 1087; Solar Battery Field Experiments, 1090 


Institute Activities : 1096 
AIEE Personalities, 1112; Obituary, 1112; Membership, 1113 

Of Current Interest 1114 
Letters to the Editor, 1123; New Books, 1124; Pamphlets, 1124 

Industrial Notes 14A 
New Products, 18A; Trade Literature, 52A 

Index to Advertisers 80A 





Statements and opinions given in articles appearing in ELECTRICAL ENGINEERING 
are expressions of contributors, for which the Institute assumes no_ responsibility. 
Correspondence is invited on controversial matters. Published monthly by the 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


Headquarters Founded 1884 Editorial Offices 
33 West 39th Street 500 Fifth Avenue 


New York 18, N. Y. New York 36, N. Y. 


M. D. HOOVEN, President N. S. HIBSHMAN, Secretary 
PUBLICATION COMMITTEE: E. W. Boehne J. G. Brainerd 
D. T. Braymer J. L. Callahan W. F. Denkhaus 

W.R. Harris M. F. Kent R. E. Kistler C. 8. Rich Victor Siegfried 


W. Scott Hill, Chairman J.D. P 4 Vice-Chairman 
H. W. Codding Dean 


E. T. B. Gross 
M. G. Malti H.N. Sealic, Jr. 


S. A. Tucker 





ELECTRICAL ENGINEERING: 


weekly and annually by Engineering I: 
quarters, 33 West 39th Sect, New York 18, N. Y., by the first 
replaced without charge 


Copyright 1955 by the American Institute of Electrical Engineers; 


printed in the United States of America; indexed annually by the AIEE, 
x, and monthly by Industrial Arts Index; abstracted monthly by Science Abstracts (London). Address changes must be received at AIEE head- 
of the month to be effective with the succeeding issue. Copies undelivered ause of incorrect address cannot 























Why Okoloy conductor coating outlasts “tinning” 2 to 1 


The conductors above are immersed in a solu- 
tion of sulphuric acid. Bare copper conductors 
are quickly attacked by corrosive chemicals 
such as sulphur acids formed when moisture 
combines with sulphur and sulphur compounds 
frequently used in the vulcanization of rubber 
insulations. The conductor coating must,there- 
fore, be highly resistant to it. 


OKOPRENE SHEATH SEMICON TAPE 


OKOLOY COATED 


OKOLITE INSULATION CONDUCTOR 
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The copper wire on the left is coated with tin, 
the most commonly-used conductor coating 
material. The acid attacks it immediately. The 
other copper wire, unaffected by the acid, is 
coated with Okoloy. Okoloy, a virtually pure 
lead coating, has been used by Okonite since 
1928 to coat all copper conductors for rubber- 
insulated cables. “Of all the common metals, 
lead is least affected by sulphuric acid and 
other corrosive chemicals. Okoloy outlasts even 
the best “‘tinning”’ at least 2 to 1. 


* * * 


Next time you buy a rubber-insulated cable, 
make sure the insulation and conductor are pro- 
tected by Okoloy conductor coating—znot tin. 


The Okonite Company, Passaic, N. J. 





Okolite-Okoprene cables are made by the strip-insulating process 


% insulated cables 


















HIGHLIGHTS........ 


A New 5-Kv 50,000-Kva De-ion Air 
Circuit Breaker. An outstanding feature 
of this new breaker is its smaller and 
lighter arc chute, which has improved 
interrupting performance and _ increased 
insulation strength. Performance of the 
breaker has been proved by extensive 
tests under many conditions (pp. 1072-6). 


Load-Phase and Load-Phase Tie-Line 
Energy Control of Power Systems. This 
article combines the contents of two AIEE 
papers recently presented by this author. 
The control system was originated in 
France and is adaptable for use on a single 





The photograph of the F-102A was 
incorrectly identified on page 932, 
October, Electrical Engineering. This 
plane was built by the Convair 
Division of General Dynamics Cor- 
poration. It is packed with the lat- 
est electronic gear and is designed to 
intercept enemy bombers at strato- 
spheric altitudes at any time of the 
day or night, in any kind of weather. 
Maximum speed is over Mach 1 in 
level flight. The engine is a Pratt 
and Whitney J-57 Turbojet. Other 
specifications are classified military 
security information. 
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system or on_ several interconnecting 
systems (pp. 7068-9). 


Laminates for Printed Circuits. Printed 
circuits using metal-clad laminates as a 
base are being used in many military and 
civilian applications at the present time, 
and many new applications are being 
studied. Ingredients and procedures for 
manufacturing are discussed (pp. 7092-3). 


Surface Emissivity as a Factor in Appli- 
ance Design. An often misunderstood 
fundamental in heat transfer is the property 
of emissivity. That it should not be over- 
looked in electric-appliance design, is 
pointed out by the examples given in this 
article (pp. 7054-8). 


An Experimental Transistorized Calcu- 
lator. A new calculator, using 2,100 
transistors and no vacuum tubes, has been 
developed and tested. Results have shown 
high reliability coupled with the advan- 
tages of compact size and low power re- 
quirements (pp. 1044-8) 


Obligations of Engineering Management 
in a Large Decentralized Company. 
With our increasingly complex technology 
and the trend toward decentralization, 
management’s problems have become 
more numerous and complicated. The 
objectives and obligations of management 
in a large company are discussed in detail 
(pp. 1039-43). 


Design of Electric Systems in Jet Fighter 
Aircraft. The design of an_ electric 
system has always been a challenging task. 
This is especially true in jet fighter aircraft, 
where space is at such a premium and 
reliability is vital. The design enginecer’s 
problems and his approach to these 
problems are outlined (pp. 7050-2). 


Broad Survey of Engineering Profession 
Essential. A number of important prob- 
lems face the engineering profession as a 
whole, both in industry and on the educa- 
tional level. A proposal for a detailed, 
inclusive appraisal of the profession is pre- 
sented (pp. 7085-7). 


A Simplified Mathematical Approach to 
Hysteresis Losses. A simple method of 
dealing with hysteresis in magnetic-circuit 
theory is described. Through the use of 
complex quantities and neglecting the 
effects of nonlinearity, an elliptical approx- 
imation to a hysteresis loop is developed 
(p. 1060). 





Bimonthly Publications 


The bimonthly publications, Communica- 
tion and Electronics, Applications and Industry, 
and Power Apparatus and Systems, contain the 
formally reviewed and approved numbered 
papers presented at General and District 
meetings and conferences. The publica- 
tions are on an annual subscription basis. 
In consideration of payment of dues, mem- 
bers (exclusive of Student members) may 
receive one of the three publications; ad- 
ditional publications are offered to mem- 
bers at an annual subscription price of 
$2.50 each. Nonmembers may subscribe 
on an advance annual subscription basis of 
$5.00 each (plus 50 cents for foreign postage 
payable in advance in New York exchange). 
Single copies, when available, are $1.00 
each. Discounts are allowed to libraries, 
publishers, and subscription agencies. 





Reliability in Complex Electronic Equip- 
ment. Component reliability is of prime 
importance in electronic equipment, espe- 
cially as the equipment becomes more 
complex: A study has shown that the 
component failure rate may be reduced by 
more effective quality control and testing 
procedures. The use of plug-in sub- 
assemblies to minimize maintenance prob- 
lems is also discussed (pp. 7062-5). 


New NEMA Standards for D-C Motors 
and Generators. A detailed description 
of the new suggested standards and the 
reasons for the changes from the present 
standards are given. It is believed that 
the new simplified standards represent a 
definite improvement and are realistic in 
the light of today’s requirements (fp. 
1080-5). 


National Bureau of Standards Preferred 
Circuits Program. Standardization, long 
common to electronic components, is now 
being attempted with electronic circuits. 
Strides made in this relatively new field by 
the National Bureau of Standards, as well 
as the problems encountered, are discussed 
( pp. 1088-90). 





Membership in the American 
Institute of Electrical Engineers, 
including a subscription to this 
pubiication, is open to most elec- | 
trical engineers. Complete in- | 
formation as to the membership | 
grades, qualifications, and fees | 
may be obtained from Mr. N. S. | 
Hibshman, Secretary, 33 West 39th 
| Street, New York 18, N. Y. 
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For all your Tape Wound 
Core Requirements, specify 


CORES by ARNOLD 


You'll be assured of the performance and uniformity you want, when 
you use Arnold Cores as magnetic components in your amplifier, 
transformer and reactor assemblies. 

Our facilities for production and testing are highly modern and 
complete. Arnold is a fully integrated company, controlling every 
manufacturing step from the raw material to the finished core, and 
therefore best able to maintain high quality control. You'll have at 
your command the most complete line in the industry . . . containing 
every type, shape or size core you may require to meet design needs 
or electrical characteristics. 

Many sizes of Arnold Tape-Wound Cores are carried in stock for 
immediate delivery. @ Write for additional information, and let us quote 
on your requirements and help solve your problems. 


HERE’S DATA YOU NEED... 
Write for these Bookiets 


1 BULLETIN TC-101A . . . “Properties 
of Deltramax, 4-79 Mo-Permalloy and 
Super-malloy’”—28 pages of technical 
data on Arnold Tape-Wound Cores of 
high-permeability alloys. 

2 BULLETIN SC-107 . .. “Arnold 
Silectron Cores’—round, square, rec- 
pe pe gy or C and E cores; 52 pages 
of data on shapes, sizes, properties, etc.’ 


ADDRESS DEPT. EL-512 


wed 5646 
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NEW STANDARDS 

OF ACCURACY AND DEPENDABILITY 
IN SUPERVISORY CONTROL 
AND TELEMETERING 
WITH... 
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Bendix-Pacific Electro-Span data 
transmission systems remotely measure 
voltage, current, power, breaker posi- 
tion, and remotely control switchgear 
and associated equipment with accu- 
racy and dependability never before 
attainable at such low costs. 


These are true digital systems, assur- 
ing consistent performance and free- 
dom from error, over any distance. The 
systems can be operated over all types 
of communication channels. 

Under the Bendix-Pacific unitized 
construction, these systems are com- 
prised of standard assemblies offering 
maximum flexibility with low cost. 


Bendix-Pacific engineers will gladly 
propose a system to meet your specific 
requirements. 


INPUT/OUTPUT COMPONENTS 


Digital Synchro Indicator 





These basic electro-mechanical converters 
transform shaft settings into electrical code 
signals for long distance data transmission. 
They are attached to standard measuring 
instruments, such as flow meters and tach- 
ometers, and to control shafts. 


Electrical quantities are indicated 
on a dispatcher’s panel by a stand- 
ard synchro receiver, operated 
through a Bendix-Pacific digital-to- 
analog converter which transforms 
incoming binary-coded data directly 
into 5-wire synchro signals. 


Please address inquiries to Department 832 


Digi-Graphic Recorders 


A simple digital-to-graphic 
converter which directly 
transcribes received digiial 
measurement data into a 
permanent graphic record. 


decimal lamp registers. 


Lp 
PACIFIC DIVISION 


“Bendix Aviation Corporation 
NORTH HOLLYWOOD. CALIF. 
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international Rectifier 
Selenium and Germanium Rectifiers 


Tald-jaat-hirelar-t 
Selenium 


Products 


Pressed powder or vacuum process 
used as determined by our 
Applications Engineering Dept. The 
most widely used Industrial Power 
Rectifiers in Industry today! 


HIGH VOLTAGE CARTRIDGE RECTIFIERS 


Designed for long life and reliability in Half- 
Wave, Voltage Doubler, Bridge, Center-Tap 
Circuits, and 3-Phase Circuit Types. Phenolic 
Cartridge and Hermetically Sealed types 
available. Operating temperature range: 
—65°C to +100°C, Specify Bulletin H-2 


Tebi-loat-tikel at-t. 


(eT-yoaat-talieian 


| ad ole fel ot 6 


High quality units of improved design 
are the results of years of experience 
in the production of exceptionally 
fine germanium crystals plus extensive 
research, development and field 
performance testing! 


- through research! 


@ world of difference 


nternational 


1521 E. GRAND AVE., EL SEGUNDO, CALIFORNIA + PHONE OREGON 8-6281 


INDUSTRIAL 


WORLD’S 


EXECUTIVE OFFICES: 


LARGEST SUPPLIER OF 


INDUSTRIAL POWER RECTIFIERS 


For all DC power needs from microwatts 
to kilowatts. Features: long life; compact, 
light weight and low initial cost. Ratings: 
to 250 KW, 50° ma to 2,300 amperes and 
up. 6 volts to 30,000 volts and up. Efficiency 
to 87%. Power factor to 95%. Bulletin C-349 


SUB-MINIATURE SELENIUM DIODES 


Developed for use in limited space at ambi- 
ent temperatures ranging from —50°C to 
+100°C. Encapsulated to resist adverse 
environmental conditions. Output voltages 
from 20 to 160 volts; output currents.of 100 
microamperes to 11 MA, Bulletin SD-1B 


i 


GERMANIUM POWER RECTIFIERS 


This new line features: High efficiency —up 
to 97%, Lowest forward drop, High reverse 
to forward current ratio, unlimited life 
expectancy. No reforming required after 
storage. Ratings: 26 to 66 AC input v. per 
junction: 150 to 100,000 amps DC output. 
Operating temperature range: —55°C to 
+75°C, In three styles. Bulletin GPR-1 


TV AND RADIO RECTIFIERS 


The widest range in the industry! Designed 
for Radio, Television, TV booster, UHF con- 
verter and experimental applications. Input 
ratings from 25 to 195 volts AC and up. DC 
output current 10 to 1,200 MA. Write for 
application information. Bulletin ER-178-A 


PHOTOELECTRIC CELLS 


Self-generating photocells available in 
standard or custom sizes, mounted or un- 
mounted. Optimum load resistance range: 
10 to 10,000 ohms. Output from .2 MA to 
60 MA in ave. sunlight. Ambient tempera- 
ture range: —65°C to -+100°C. Bulletin PC 649 


GERMANIUM DIODES 


POINT CONTACT. High quality crystals— 
long reliable life—superior resistance to hu- 
midity, shock, temp.-cycling. Bulletin GD-2 
JUNCTION POWER. Hermetically sealed 
—welded construction. Available in Stand- 
ard JETEC 1N91, 1N92, 1N93 types. For 
diodes to meet your specific requirements, 
consult our Semiconductor Division. 


For bulletins on products described write ON YOUR LETTERHEAD 
to OUr PRODUCT INFORMATION DEPARTMENT 


Rectifier 
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METALLIC RECTIFIERS 
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Time to 
Maximum deposit Brinell 
Deposit Current Density | 0.0001 in. * Hardness 
Amp./ft. 2 (secs.) of deposits 

Bismuth 1,500 7.46 50 

Brass ~ - - 

Cadmium 6,000 2.5 40 

Chromium 4,000 63.0 600 

Cobalt 1,500 7.6 250 

Copper 6,000 2.5 150 

Gallium 1,000 17.8 7 

Germanium 4,000 - - 

Gold 2,000 6.2 100 

Indium 4,000 2.5 1 

* lron 3,000 10.2 175 
leading edge Lead 5,000 3.8 20 
of propellers Nickel 5,000 5.1 500 
‘ being plated Nickel (Black) 5,000 - - 
foll ° Palladium 1,500 10.2 150 
olowing wear. Platinum 3,000 17.5 200 
Rhodium 3,000 70.0 500 

Silver 1,250 5.1 60 

. a Thallium 2,000 12.6 — 
Tin 5,000 25 1 

Zine 3,000 3.8 70 

Copper plating * On an area equal to the pad electrode used. 

bore and keyway 


on pinion prior 
to carburizing. 





Building up 





worn . 
shafting. owen 
Metachemical Processes Lid. Laboratoires Dalic 
13 Strafford Road, Acton, 29 Rue Dareau, 
London W.3, England. Paris XIV, France. 
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Tape Wound Gores 


OST 0 MORE- WHY LAK 


You save, because there can be no waste with the 
industry's only Performance-Guaranteed Tape 
Wound Cores. You also get the widest choice of 
standard sizes, and for a slight additional cost 
can specify your tape wound cores in the remark- 
able Aluminum Core Box®* in any size. For com- 
plete details, why not write for your copy of 


Magnetics, Inc. Catalog TWC-100 today? 


MAGNETICS inc. 


MAGNETICS, INC., DEPT.EN-23, BUTLER, PA. 
*patent pending 
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Reynolds Aluminum Bus Conduc 











Now, Reynolds gives you complete 
freedom in designing aluminum bus 
conductor installations. It is no longer 
necessary to specify oversize con- 
ductors because of intermediate size 
limitations. The new unlimited range 
of sizes and shapes in which RABC 
(Reynolds Aluminum Bus Conductor) 
is available permits designing to the 
minimum amount of metal needed for 
the current carrying job. The result 
is material costs as low as or lower than 
for any previous aluminum bus con- 
ductor. 


Reynolds was first to develop a high 
strength, high conductivity, low cost 
aluminum bus conductor. Now, first 
with an unlimited range of sizes and 
shapes. 
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Added strength of the new RABC (Reynolds Aluminum Bus 
Conductor) has very little effect on electrical conductivity. An 
example from the chart above shows how favorably this new 
material compares in current carrying capacity. A current load 
of 700 amperes requires a copper bar 2” x 4” weighing just 
under 2 pounds per foot; new RABC carries the same load with 
a 2.8” x 14” bar weighing only 45 pounds per foot. The result 
is a 60% savings in weight. And with a lower cost per pound for 
RABC, an obviously big savings in cost. 


ALUMINUM vs. COPPER BUS CONDUCTOR MATERIALS 





ALUMINUM 
PROPERTIES COPPER EC-H17 RABC 

Tensile Strength (psi) 33,000 to 37,500 17,000 29,000* 
Yield Strength (psi) Not Specified 15,000 25,000* 
Electrical Conductivity % |ACS 98% 61% 55%°* 
Current Carrying Capacityt 100% 82% 79% 
Resistivity @ 20°C 

(microhms, sq in. /ft) 8.31 13.36 14.82 
Modulus of Elasticity (ib/in.?) 16 x 106 10 x 108 10 x 106 
Density (Ib/in.*) .322 09765 .09765 
Temp. Coeff. of Resistance 

(% per°C @ 20°C) .393 403 360 











*Guaranteed minimum. +For given temperature rise and same cross section. 


CALL ON REYNOLDS ENGINEERING SERVICE Reynoldsengineers will conduct meetings with your men and provide them 


See Reynolds New Program ‘‘Frontier’’— Sundays on NBC-TV 





with the latest information on all electrical applications of aluminum. 
Also write for more complete information on the revolutionary RABC 
and a complete index of design and fabrication literature. Reynolds 
Metals Company, P.O. Box 1800-ER, Louisvilie 1, Kentucky. 





REYNOLDS 3 ALUMINUM 


MODERN DESIGN HAS ALUMINUM IN MIND 
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Are unused horses” 
eating your protits 7 
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save money by matching the load. . . 
let silicones carry the overload! 


Dow Corning Silicone insulated (Class H) motors 
give you a service factor ranging up to 50% com- 
pared with 15% for Class A. 
This extra service factor enables you to install 
Class H motors rated at normal load requirements 
and yet meet initial or intermittent overloads, or ; 
loads that can’t be matched in standard frame sizes. Sier-Bath Gear and Pump Company, Inc. of North 
In one of our fluid pumping applications, for Bergen, N. J., now offers silicone insulated (Class H) 
example, normal load is 5 hp; intermittent loads meters es optional equipment on oll of thelr postive 
: 4 rf . displacement pumps. These Class H motors with their 
range up to 9.2 hp. Instead of following the old 
=, pra * ‘ 9 laa built-in service factor permit you to match the average 
fashioned practice of overmotoring with a 10 hp 
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equipment and more efficient operation. 
That means less capital investment in motors. It 
also means a better power factor and higher efficiency 
because smaller silicone insulated motors operate 
nearer full load more of the time than larger motors 
rated to meet maximum overloads. 





And you get more reliable operation because 
motors insulated with Dow Corning Silicones have 
superior resistance to heat, and moisture and to 
corrosive atmospheres, 


Remember, overmotoring is outmoded 
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Pioneers in the development of Paper Power 
Cables, General Cable Engineering leadership and 
manufacturing skill is combined to provide a 
uniformly high quality product. Conductors are 
made to finest possible tolerances, insulations are 
thoroughly tested and inspected before and after 
assembly — in fact, every step of manufacture is 
under the most rigid quality control. 


The biggest producer, General Cable also makes the 
widest range of types. For example: solid, low pres- 
sure gas-filled, low pressure oil-filled, high pressure 
oil-filled (pipe type), high pressure gas-filled 
(pipe-type), and high pressure oil or gas-filled 
(self-contained). 





Available in widest range of conductors: Compack 
Round, Concentric, Compack Sector, Annular Con- 
centric, Compack Segmental, Hollow Core. 


Made in largest variety of finishes: Jute, Duck 
Tape, Reinforced Neoprene, Synthetic Plastics, 
Flat Steel Tape or Steel Wire Armor. 


The forementioned represent but a few of the wide 
range of types manufactured by General Cable... 
plus other types made to customer specifications. 


Next time you’re talking Paper Power Cable... 
or any type of electrical wire and cable, call in 
your friendly General Cable Representative... 
there's one near you. 


GENERAL CABLE 
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save money by matching the load... . 
let silicones carry the overload! 


Dow Corning Silicone insulated (Class H) motors 
give you a service factor ranging up to 50% com- 
pared with 15% for Class A. 


This extra service factor enables you to install ‘ . 
Class H motors rated at normal load requirements @ helys YOu dei, Ouenmroing, 
and yet meet initial or intermittent overloads, or : 
loads that can’t be matched in standard frame sizes. Sier-Bath Gear and Pump Company, Inc. of North 

In one of our fluid pumping applications, for Bergen, N. J now offers silicone insulated (Class ¥) 
example, normal load is 5 hp; intermittent loads a: as optional equipment on all of their positive 
range up to 9.2 hp. Instead of following the old cp mpc nese acon Eger gh tea 
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equipment and more efficient operation. 
That means less capital investment in motors. It 
also means a better power factor and higher efficiency 
because smaller silicone insulated motors operate 
nearer full load more of the time than larger motors 
rated to meet maximum overloads. 
And you get more reliable operation because 
motors insulated with Dow Corning Silicones have 
superior resistance to heat, and moisture and to 
corrosive atmospheres. 


Remember, overmotoring is outmoded 
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Pioneers in the development of Paper Power 
Cables, General Cable Engineering leadership and 
manufacturing skill is combined to provide a 
uniformly high quality’product. Conductors are 
made to finest possible tolerances, insulations are 
thoroughly tested and inspected before and after 
assembly — in fact, every step of manufacture is 
under the most rigid quality control. 


The biggest producer, General Cable also makes the 
widest range of types. For example: solid, low pres- 
sure gas-filled, low pressure oil-filled, high pressure 
oil-filled (pipe type), high pressure gas-filled 
(pipe-type), and high pressure oil or gas-filled 
(self-contained). 


Available in widest range of conductors: Compack 
Round, Concentric, Compack Sector, Annular Con- 
centric, Compack Segmental, Hollow Core. 


Made in largest variety of finishes: Jute, Duck 
Tape, Reinforced Neoprene, Synthetic Plastics, 
Flat Steel Tape or Steel Wire Armor. 


The forementioned represent but a few of the wide 
range of types manufactured by General Cable... 
plus other types made to customer specifications. 


Next time you’re talking Paper Power Cable... 
or any type of electrical wire and cable, call in 
your friendly General Cable Representative... 
there’s one near you. 
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GENERAL CABLE CORPORATION 
Executive Offices: 420 Lexington Ave., New York 17, N. Y. 


SALES OFFICES: Atlanta e Baltimore « Boston e Buffalo 
Chicago e Cincinnati e Cleveland e Dallas « Dayton « Denver 
Detroit « Erie (Pa.) e Greensboro (N.C.) ¢ Houston 
Indianapolis e Kansas City e Lincoln (Neb.) « Los Angeles 


Memphis e Milwaukee e Minneapolis « New Haven « New 
Orleans « Newark (N.J.) « New York e Philadelphia 
Pittsburgh e Portland (Ore.) « Richmond ( Va.) « Rochester 
(N. Y.) « Rome (N.Y.) ¢ St.Louis ¢ San Francisco 
Seattle « Springfield (Ill.) e Syracuse e Tampa e Tulsa 
Washington (D. C.) 





BARE, WEATHERPROOF, INSULATED WIRES and 
CABLES FOR EVERY ELECTRICAL PURPOSE 
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More thorough, more practical transient stability 
studies are made possible by new swing curve cal- 
culator (foreground), Here W. J. Mclachlan (left), 
Mgr.—-Engineering Planning & Development; I. B. John- 
son, Analytical Engineering; and D. L. Hopkins, Analyzer 
Operator, plot angle in electrical degrees versus time, 
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Swing curve calculator on a-c network analyzer calculates 


‘Faster answers to transient stability 
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Continuing rapid system expansions play up 
importance of new attention being paid to system 
stability. Swing curves like those calculated on 
new computer (above) help power system engineers 
assure utilities of most economic utilization of 
generator capability. 


Computing time cut 40%, accuracy improved 
by another move that helps free engineering manhours 


Electric utilities are confronted 
with rapidly increasing demands 
for electric power on top of a con- 
tinuing acute shortage of highly 
trained technical manpower. The 
addition of the swing curve cal- 
culator to General Electric’s a-c 
network analyzers offers significant 
progress towards alleviating both 
problems. 

From the system designer’s view- 
point, the importance of advances 
in the accuracy of transient stabil- 
ity studies become readily evident. 
Automatically, the swing curve 
calculator relates the mechanical 
output of the turbine to the elec- 
trical output of the generator to 
establish quickly optimum operat- 
ing procedures consistent with de- 
sired system stability. 

Such automatic computations 
eliminate previously required slide 


rule calculations, cutting total cal- 
culation time by 40 to 50%. A 
utility men recognize, this repre- 
sents a far better use of their 
important engineering man-hour 
investment. 

During a study, the swing curve 
calculator is never idle. It is either 
being read or set up for the next 
computation. Such time savings 
offer a greater number of utilities 
increased opportunity for more 
thorough system studies. To obtain 
full details on General Electric’s 
Analytical Engineering services, 
contact your local Apparatus Sales 
Representative. General Electric 
Company, Schenectady 5, New 
York. 301-304 

MORE POWER TO AMERICA 


GENERAL @@ ELECTRIC 








The obligations of engineering management and 
the methods for meeting these obligations are 
outlined. The author also discusses the rela- 
tionships between marketing, product engineer- 
ing, and manufacturing. 





USINESSMEN EVERYWHERE are looking for- 
B ward to a strong and growing economy for the 
United States. It is obvious that technological 
progress will be an inherent part of that economic growth, 
and that extraordinary developments will be made in 
many technological fields. However, with the rapid 
growth of technology and economic development, certain 
areas of incompatibility must be taken into account. On 
the one hand there is the explosive rate at which tech- 
nology is expanding, both in volume and in complexity. 
This acts as a sort of splintering force, tending to drive all 
knowledge, understanding, and skill into more and more 
specialized compartments, making it more difficult either 
for the compartments to understand one another, or for the 
public to understand them. On the other hand, there is 
the summation of several social and economic forces which 
have been growing during the past 25 years. Government 
controls, large labor organizations, and the concept 
of corporate citizenship are symptomatic of changes in the 
business climate, which add up to an adhesive force that 
tends to decompartmentalize our economy and bring about 
a much closer intermingling among all the functions of a 
business and all the segments of the public. The problem 
is to control and direct these forces so that each contributes 
its utmost toward the economic and technological expansion 
envisioned. 

All of us, in our everyday lives as members of the general 
public, are heading toward a future in which technology 
plays a more and more important part, and that technology 
is getting steadily more complex and hard to understand. 
Those engaged in engineering, manufacturing, and market- 
ing, which are the three functions of a business where the 
application of technology based on the physical sciences is a 
predominant factor, must see to it that technology is ex- 
ploited in the best interests of the public. In order to do 
this, technology must be interpreted effectively among our- 
selves and to the public. We are not insulated to the de- 
gree we may once have been from the opinions of the public, 
opinions expressed as reactions of customers or voting 
citizens. 

We are involved in an exceedingly elaborate network of 
relationships which are certainly not static but highly dy- 
namic, and which deal with extremely complex and abstract 
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subject matter. The danger of missing our objectives is 
always at hand, and the chances of confusion and mis- 
understanding are far too numerous for comfort. Anyone 
who does not formulate his obligations clearly and devise a 
plan for meeting them will find that others are quite ready 
to do so for him and are, moreover, equally ready to judge 
his performance not on his terms, but on their own. 


THE OBLIGATIONS OF A BUSINESS 


WITH THIS BACKGROUND in mind, the subject of obliga- 
tions, both for business in general and for the specific func- 
tion of engineering management, should be examined. 
This examination will be conducted in terms of a large 
decentralized manufacturing company; however, much of 
what is found will be sufficiently fundamental in nature to be 
generally valid for all business. Two statements of the 
objectives of the General Electric Company have been 
enunciated by its president, Mr. Cordiner. The company 
is a large one, but with regard to size Mr. Cordiner has said, 
‘The objective here is to make size. as such, an element of 
constructive strength, to the end that bigness of itself be- 
comes a source of extra or plus contributions to our share- 
owners, to our employees, to the communities, in which 
we manufacture and do business, and to the country as a 
whole.” 

With regard to decentralized management, ““The goal is 
to achieve, on time, challenging and difficult-to-attain 
objectives of the business in the balanced best interests of 
customers, employees, share-owners, suppliers, and the 
public and its representative, Government.” 

Both of these statements contain elements of obligations, 
not only to the specific interests of those participating 
directly in the enterprise, but also to the general welfare 
of the culture which permits that enterprise to exist and is, 
therefore, affected by it. Further examination will show 
that the ethics involved in meeting these obligations are 
independent of size or organizational characteristics. 
is important because it relates to the impact an obligation 
will carry; decentralization is important because it may 
alter radically the relationships and techniques concerned 
with meeting an obligation. But neither has any funda- 
mental effect on the nature of the obligation, or the action 
required to meet it. 

These objectives may be translated into some generalized 
obligations of a business. The fact that most, or all, of 
these obligations are familiar will.demonstrate their general 
applicability; but, more important, they will serve as a 
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basis for discussion of the specific obligations of engineering 
management. 

From these two statements of objectives for a large de- 
centralized company, five specific areas of obligation can be 
outlined: (1) to shareholders, (2) to employees, (3) to 
vendors, (4) to customers, and (5) to the public as a whole. 
The main objectives can also be amplified in terms of each 
specific area. Management, of course, is obligated to its 
shareholders to operate the business profitably. If the 
business is to grow and prosper, not only should a proper 
balance between a fair return on a short-range basis and a 
wise reinvestment in strength for the future be maintained, 
but also the affairs of the business should be conducted in 
such a manner as to build ready public acceptance and even 
prestige for its achievements. 

Certainly the subject of the obligations of business to its 
employees has been expounded exhaustively by organized 
labor, by management, and by academicians of every shade 
of neutrality. These obligations may be listed as follows: 


1. An opportunity to do good work. 

2. Good facilities. 

3. An appropriate reward for good performance in the 
form of compensation, recognition, and work security. 


Toward vendors, it would seem that business ought to 
discharge the following obligations: first, to provide an 
opportunity to participate in the business through the 
vendor’s contribution to the end product; and second, just 
as with the employee, to reward the vendor’s contribution 
through appropriate compensation, co-operation, recogni- 
tion, and work-security. 


The obligations of a business to its customers, like those 
. to its employees, have been extensively defined on a 
continuing basis, usually by the customer. However, if 
business were to distill a simplified statement of these obliga- 
tions it would probably be to anticipate or meet promptly 
the customer’s requirements with a product which will be 
desirable in terms of price, appearance, technological 
function, reliability, and quality. 
The obligations of a business to the public are: 


1. To contribute in every way to economic progress, 
especially in terms of employment, standard of living, and 
national strength. 

2. To make its contributions within the spirit, as well as 
the letter, of rules of conduct for individuals and enter- 
prises. 

3. To promote, preserve, and protect the rights or 
values of others while carrying out the interests of the 
individual enterprise. 


THE OBLIGATIONS OF A BUSINESS FUNCTION 


A GREAT DEAL OF TIME Could be spent in further examina- 
tion of these general areas of obligation, but in the end little 
more would be accomplished than the comfortably virtuous 
feeling of having seen a duty and being ready, able, and 
anxious to doit. Far too often we have confined our think- 
ing to general terms, with the result that no matter how 
willing we may have been to do our duty, we have been 
neither ready nor able. The fact is that only the business 
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entity itself can directly fulfill these general obligations. 
Each of the individual functions of a business, while it shares 
the general obligations with all other functions, must pri- 
marily make its contributions directly to the business in quite 
specific functional terms. It is the summation of the 
direct functional contributions to the business, properly 
balanced, which enables the business entity to assume and 
discharge its general obligations. This is another way of 
saying that before the shareholders can have any sort of 
return, the employee any kind of job, the customer any 
product, the vendor any market, or the public anything to 
judge, somebody must successfully design, produce, and 
sell something. Therefore, engineering management, like 
other functional management, has a dual responsibility: 
(1) to optimize its direct functional contribution to the 
business, and (2) to integrate its functional contribution 
with all other contributions in such a way that the general 
obligations of the business are met. Certainly these two 
facets of engineering management responsibility are not 
mutually exclusive, but it is common practice to concentrate 
on the integration facet as if it were independent. Some 
time should be spent in considering the responsibility for 
making the direct functional contribution, without which 
it is futile to discuss general obligations. 


OBLIGATIONS OF THE ENGINEERING FUNCTION 


THE WORD “ENGINEERING” in our term “engineering 
management” at this point should be changed to the term 
“product engineering.” Product engineering designates 
what those in the manufacturing industries generally have 
in mind when they speak of the engineering function; that 
is, the application of theories and factual knowledge about 
materials and natural phenomena, together with the 
industrial arts, to the development of products to fulfill 
human needs. This definition will be helpful in the exam- 
ination of the obligations which product engineering man- 
agement must meet in order to make its direct functional 
contribution to the business entity. 


DETERMINING CHARTER 


PRODUCT ENGINEERING MANAGEMENT should first deter- 
mine its field of operation; i.e., it should have an operating 
charter which describes the area in which the contribution 
will be made. The engineering charter has often been 
an unwritten instrument like the British Constitution; 
but it should be so clearly thought out that it can, if neces- 
sary, be expressed promptly in writing. The charter should 
describe the activities which will be engaged in, such as 
design or development and research, and the subjects to 
which these activities will be directed, such as prime 
movers, lighting, or locomotives. Thus, the charter will 
provide for continuing determinations of human needs 
and of specific products and technologies to fulfill them. 
It will also recognize that new technologies may develop 
which can be translated into new ways of fulfilling human 
needs; that is, into new and perhaps unforeseen products 
within the original statement of activities and subjects of 
activities. The charter not only describes the function 
which the engineering component performs in the current 
business of the enterprise, but also outlines the surrounding 
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territory into which the enterprise can grow through en- 
gineering contributions, 

The specific elements contained in such a charter will 
undoubtedly vary from business to business and may in- 
clude the following: 


1. The product engineering contribution, in terms of 
product determinations to be made. 

2. The segments of the business entity and of the public 
to be served directly. 

3. The fields of activity required to make that contri- 
bution. 

4. The business resources required to make that 
contribution. 

5. The general features of the organization which might 
be employed. 

6. The rules and standards which would govern the 
product engineering activity. 


The charter thus provides the real basis for initial deter- 
mination of the work to be done and for continual review 
of operations. 

Particular care should be used in defining engineering 
contributions. Engineering contributions could be de- 
fined in terms of specific products in which a business now 
engages. If this approach were followed, the business 
might not be prepared to make an enduring contribution. 
In the appliance business, for example, more than half of 
the major appliances now offered have been introduced 
since World War II. Moreover, one third of the lines 
offered prior to the war are no longer manufactured. The 
charter should, therefore, be developed in a permissive 
way, outlining an enduring area of activity or service, and 
should not be restricted to only those particular products 
which now are attractive from a business standpoint. 

The engineering charter should also avoid limiting the 
goods or services to the present technology. The lighting 
business may be used as an example. Prior to 1815 any- 
one in this business would have been interested in either 
obtaining, rendering, or trading spermaceti whale oil, or 
making or trading lamp fixtures for burning this oil. But 
the succeeding years have seen the technology of artificial 
lighting range through candles, kerosene, gas, the carbon 
arc, the incandescent filament, and fluorescence, with 
electroluminescence perhaps available in the near future. 
It is true, of course, that the introduction of each new kind of 
technology did not immediately replace the old. Some 
have now been replaced, however, and the growth of a 
business based on any one of the technologies would have 
been limited by the improved technologies which came 
along to take over growth areas of the market. In order 
that a business may have the freedom necessary to under- 
take technical work leading to the introduction of new 
technology in terms of products in the field of its business 
interest, it seems essential that it develop its charter and 
scope in these broad terms. Since technology and business 
are dynamic, it is vital that we think of the charter as some- 
thing which is not static but a living, breathing entity. 
Thus, just as we examine the Constitution of the United 
States on occasion for the necessity of adding amendments, 


‘DeEcEemMBER 1955 





we must examine the charter laid down for engineering 
organizations in a business enterprise. 


CONTRIBUTING TO PRODUCT PLANNING 


THE SECOND OBLIGATION of product engineering man- 
agement is to contribute to the derivation of a product 
plan. Product planning may be an elaborate process or a 
relatively simple one, depending again on the nature of 
the business. But it is essential to recognize that each 
function of the business must make a contribution, irrespec- 
tive of where the spearheading responsibility may be as- 
signed within a particular business entity. The product 
planning process involves complex interfunctional rela- 
tionships, but it can be described fairly accurately as the 
time when the team gets together to decide on its common 
objectives and agrees on the individual contributions of 
each of its members. The contribution each function will 
make becomes clear when the common objective toward 
which all functions work is determining sound and specific 
answers to the three vital business questions: 


What are we going to sell? 
To whom? 
Why will-he buy it from us? 


Ww hw 


Answers to these three questions, although at times 
they may be tentative, focus sharply on things which are 
vital activities to be done in each of the key areas. 


DERIVING A TECHNICAL PLAN 


_ WITH A PRODUCT PLAN ESTABLISHED, the next obligation 
of product engineering management, which must be met 
independently, is the derivation of a technical plan. This 
process may be summarized as follows: 


1. Analyze the product plan to determine the work 
which needs to be done. 

2. Determine the technologies and the specific projects 
necessary to get that work done. 

3. Select the areas of work and the projects sufficiently 
important to the business to invest in them. 

4. Assign the responsibilities and obtain the facilities 
to carry out this work, and review and evaluate the progress 
which results. 


Although each of these steps is superficially self-explana- 
tory, a great deal could be written on the methods of carry- 
ing them out and on the importance of not blurring one 
with another in our thinking. The first and second steps 
will be discussed in detail. 

It is quite surprising and disquieting to realize the 
number of times we fail to do a good job of deriving the 
technology and the technical work needed to implement a 
product plan. There should be a technical plan as com- 
plete and as well thought out as the brick and mortar and 
financial details prepared when a capital expenditure is 
contemplated. To the extent that this goal is not achieved 
the penalty will be paid in excess costs, missed schedules, 
and loss of competitive advantage. 

As a result of a good technical plan, two more important 
dividends can also be achieved. The critical technical 
problems can be recognized and the skills necessary to 
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solve them can be catalogued. Critical technical prob- 
lems may be defined as those which affect the market per- 
formance of the products of a business and whose solution 
depends basically upon results from technical work. Some 
of these problems will not be completely solved in the fore- 
seeable future; only improvements toward solution can be 
expected. These we may call “continuing critical technical 
problems.” Others are transient in nature and will be 
solved completely, or will face us only for a short time. 
The process of planning technical work involves listing of 
these critical technical problems, both continuing and 
transient, and thus provides an opportunity to concentrate 
engineering effort where it may prove to be of greatest im- 
pact and effectiveness. 


ORGANIZING TO EXECUTE THE TECHNICAL PLAN 


THE OBLIGATION of product engineering management is 
to organize to make its functional contribution. The 
following is a suggested outline for this organizing process: 


1. Determining the broad categories of work needed to 
make the required contribution. 

2. Dividing those categories into work elements. 

3. Combining those elements into positions which will 
continuously challenge, but not exceed, the capabilities 
of competent available people. 

4. Combining the positions into organization compo- 
nents. 


The process here offered is not essentially new, except 
perhaps in that it has been thought out and written down, 
but it appears to have valuable applicability in general. 
Of particular importance is the fact that the foundation of 
the organizing process depends on the result of the technical 
plan, i.e., determining the technical work to be done, and 
the technology and the skills needed to do it. Both plans 
are needed for success, yet how often has organization been 
accomplished practically in vacuo with respect to a tech- 
nical plan? 


DEFINING RELATIONSHIPS 


CLOSELY RELATED TO ORGANIZATION is the obligation in- 
cumbent on product engineering management to define its 
relationships with other functions, particularly with 
manufacturing and marketing. It is evident that the 
relationships are complex; and it is known that eventually 
a successful steady-state condition will exist. But it is 
also evident that both new technology and demands of the 
market place can introduce disturbing transients in these 
relationships. In modern times it is essential that a suc- 
cessful working relationship be reached as promptly as 
possible; and this imposes the obligation of defining, in 
specific form, elements and areas of responsibility which 
have previously been set up largely by instinct and the 
cut-and-try method. It is rather a new field, and one 
which offers great promise, coupled with a great deal of 
hard work. It should be recognized that there are two 
kinds of responsibility each function must discharge: first, 
the responsibility to decide certain things in the interests 
of the business enterprise; second, the responsibility to 
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inform others making their decisions, and to seek informa- 
tion from others when making decisions for which we carry 
the responsibility. 

Perhaps the simplest statement of the basic relationship 
among marketing, product engineering, and manufacturing 
is this: 

1. Marketing is responsible and accountable for deciding 
product requirements which will fulfill the needs of the 
market place. 

2. Product engineering is responsible and accountable 
for the extent to which specific products made to its designs 
match the technical and economic requirements of the 
market. 

3. Manufacturing is responsible and accountable for 
the extent to which the products produced match the 
specifications drawn by the product engineers and for 
meeting permissible production costs. 


In addition to these accountabilities, each function has 
responsibilities to inform and to seek information from the 
others as necessary to the over-all functioning of all three. 
Thus, what marketing decides to offer is contingent upon 
what product engineering can design and manufacturing 
produce. Similarly product engineering, starting with a 
market requirement, specifies what is to happen to yield a 
product, although it does not specify how this is to be done. 
How it is made to happen and at what cost is manufactur- 
ing’s contribution. But all three must freely inform and be 
informed by the others in order to end up with mutually 
practicable contributions. 

An extension of this matter of informing and being in- 


formed constitutes another important obligation of engineer- 
ing management, i.e., to pass on technical information. 
It is a very important obligation today, when the predicted 
demands on our economy so clearly and substantially ex- 


ceed the expected supply of trained people. Communica- 
tion of technical information is a powerful tool for meeting 
this challenge. Just as it is possible, through the use of 
electric power, to concentrate the muscular equivalent 
of many thousands of men on one job, so it is possible 
through the use of words, pictures, and numbers, to bring 
to bear on a given problem the experience and thinking of 
many thousands of men, both living and dead. Moreover, 
technology needs at least occasional interchange, in order 
that it may improve and adapt itself to its ever-changing 
environment. 

The primary reason for communicating technology is, of 
course, to stimulate the development of better ideas and 
products. In addition, the waste of duplication is pre- 
vented. There is a distressing tendency apparent through- 
out large segments of industry to invent the wheel every day 
in the week. No matter how clever an invention may be, 
and no matter how useful its purpose, it is worthless if some- 
one else has already invented substantially the same thing. 
This problem can be avoided by improving the communica- 
tion of technology not only between functions in a business 
and between components of a large company, but also by 
companies and laboratories, and between eras, or periods 
of time. 

But how should a manager of engineering determine the 
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optimum amount of effort to be spent by his section in 
“communicating” as compared with that spent in “doing?” 
Obviously, if all his engineers spend all their time inter- 
changing technology, no developments or designs will be 
forthcoming. The right answer, of course, will vary from 
business to business, and from time to time. But a reason- 
able basis on which a specific answer might be derived for 
a given situation could be stated as follows: The amount 
of effort spent in writing, reading, attending meetings, and 
all the other devices for interchanging technology should 
be at least equal in value to the cost of engineering time lost 
through duplication plus the cost of preventable product 
failures and complaints, and the other losses which might 
be prevented by better interchange. The latter quantity 
is admittedly a little hard to measure, but attempts at 
estimating it might prove to be illuminating. 


STAFFING 


THE LAST OBLIGATION to be discussed is the staffing of the 
organizations. Trained manpower is a prerequisite for 
meeting product engineering management’s obligation to 
staff its engineering components, and trained manpower is 
in very short supply. The details of this situation, includ- 
ing the possible causes and the potential remedies, are 
readily available in the literature on the subject, so only two 
points will be stressed here. The first point is the suggestion 
mentioned, that in meeting an obligation to organize to 
accomplish technical work, positions should be created 
which continuously challenge, but do not exceed, the 
capabilities of competent available people. Analyzing this 
suggestion into its two components brings us first to con- 
tinuous challenge, and this is an area where we have often 
been seriously at fault. With the present and predicted 
shortages of trained people, we shall fail in our obligations if 
we have a highly trained person spending any regular or 
appreciable part of time on work which is repetitive and 
nonchallenging to his training and talent. There are ways 
to handle this predicament. Computing machines may 
be used to carry heavy loads of analytical work which, 
although exceedingly complex, may be more laborious 
than creative. The concept of the technican and engineer- 
ing-aide positions also offers relief; this concept involves 
pruning the highly trained person’s position of elements 
which can be bundled together to create a position for 
persons of limited technical training, to whom the work will 
be a satisfying challenge. 

The other half of the suggestion about creating positions 
is that they should not exceed the competence of the in- 
cumbent. In the present state of technology there already 
is a great deal of day-to-day technical work which is done 
best by people with extensive theoretical training, and the 
proportion is increasing steadily. This means that there is 
important work for people with a PhD or equivalent degree 
in mathematics and the physical sciences. It also means 
that it is no longer feasible to ask people with more general 
interests and training to develop specialized knowledge on 
the job. 

The second point to be stressed about staffing is the kind 
of training required in the majority of new personnel. If 
a good job is done of technical planning, of identifying the 
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needs for technical work and skills, of stating the critical 
problems, and of designing positions, it becomes more 
and more apparent that the man best prepared for the 
bulk of engineering work in industry today is the man 
broadly trained in fundamentals of science and math- 
ematics and less intensively trained in the details of cur- 
rently useful devices. With this broad technical training 
should also be integrated a feeling for the social sciences, 
the humanities, and the communication of ideas. A 
significant part of the staffing obligation as product en- 
gineering management, is to co-operate with the technical 
schools in making known the nature of industry’s require- 
ments and: in helping to reapportion the training load 
between that which is best done in school and that which 
can be efficiently done in industry. 


CONCLUSION 


THE ROOT OBLIGATIONS of engineering management in 
any company could be listed as follows: 


1. To determine the charter for its engineering work. 

2. To contribute to the over-all product plan. 

3. To derive the necessary technical plan, identifying 
the technical work and the critical problems involved. 

4. To organize to attack the problems and get the work 
done. 

5. Todefine relationships with other functions. 

6. To exchange technical information. 

7. To staff the organization. 

8. To get the work done. 


These obligations should be the primary concerns of 
engineering management as the basis for its direct con- 
tribution to the business. The ability of the business to 
meet its broad social and economic obligations will depend 
upon the manner in which these obligations are met. It 
should be recognized that these direct obligations are both 
highly dynamic, and strongly and subtly interdependent. 
The continuing task, therefore, is one of optimizing rela- 
tionships among them, as well as optimizing product de- 
signs to incorporate the dynamics of technology and of the 
market place. 








New Cable-Coating Materials Used 


Asbestos felt and neoprene-impregnated Fiberglas cord 
have replaced a mixture of sand and cement for arc proof- 
ing the high-tension cables in manholes of Consolidated 
Edison Company’s electric distribution system in New York 
City and vicinity. Use of these materials has resulted in 
considerable labor savings on the job, and less time con- 
sumed in travel and setting up equipment and material. 

In the new method, an undercoating of asbestos is first 
applied in 10-foot lengths. An outer layer of impregnated 
asbestos follows and is secured by neoprene-impregnated 
cord. Glass cord was selected partly because it will not 
burn and partly because it can best withstand heat from 
arcing or accidental fire. 
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An Experimental 


Transistorized Calculator 


G. D. BRUCE 


The first fully operative transistorized calcula- 
tor complete with automatic input and output is 
described. This compact “‘all-transistor*’ unit 
requires 95 per cent less power than a vacuum- 
tube unit of comparable capacity. Present 
operating experience indicates the important 
role which transistors will play in the computers 
of the future. 


HIS TRANSISTORIZED CALCULATOR is the 
Hoes completely transistorized calculator with auto- 

matic input-output. The experimental engineering 
model, shown in Fig. 1, contains over 2,100 transistors and 
is functionally identical to the International Business 
Machines Corporation (IBM) Type 604 electronic calculat- 
ing punch, a vacuum tube machine of which over 2,000 are 
in use. The Type 604 serves as an excellent basis for com- 
paring a complete machine system using tubes, to a func- 
tionally identical system using only transistors and other 
solid state devices. In the power supply and in all the 
switching circuits, each function of the model is performed 
without the use of any tubes. 


: oil. 
mw ial 





Fig. 1. The experimental transistorized computer is composed of 
a high-speed punching unit (left), and the transistorized calculat- 
ing unit (right). The calculating unit is uncovered to show 
the bank of printed wiring panels on which the transistors are 
mounted 
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SYSTEM DESCRIPTION 


THE CALCULATOR has a decimal arithmetic unit and 
decimal storage. It operates in the 1, 2, 4, 8 binary 
coded decimal system, with numbers transferred in parallel 
by decimal digit. The machine has a 13-digit decimal 
accumulator which is used to add and subtract. An 8-digit 
multiplicand can be multiplied by a 5-digit multiplier to 
develop a 13-digit product, and a 12-digit dividend can be 
divided by an 8-digit divisor to develop a 5-digit quotient. 
Provision is made for 32 digits of decimal storage. These 
are divided into 3-digit and 5-digit groups which may be 
combined by “assignment” into either 6- or 8-digit units. 
The transfer of information and the arithmetic operations 
are under the control of programing circuits. 

The programing circuits provide an automatic se- 
quence of 60 program steps to control the mode of oper- 
ation. The machine is instructed to perform a desired 
computation by wiring a pluggable control panel. Sixty 
program step exit hubs control sequentially the execution 
of arithmetic and logical functions which have been wired 
on the control panel. These panels can be interchanged 
to alter the calculations. Another control panel is used to 
direct the operation of the input-output unit. 

The input-output is by punched cards. A card punch is 
used for reading and punching at 100 cards per minute. 
Cards are fed first to a reading station, then to a punching 
station, and finally past a second reading station before 
being stacked. A total of 37 digits plus signs can be read 
into the calculator, and 29 digits plus signs can be punched 
out. Calculations are performed at a basic pulse repeti- 
tion rate of 50 kc. The computer cycle occurs between the 
time a card is completely read at the first reading station and 
before it arrives at the punching station. Thus, the calcu- 
lated result is being punched in one card while the next is 
being read. As a service check, the calculator should oper- 
ate without failures at 70 kc. 


TRANSISTOR CIRCUIT DESCRIPTION 


THE GERMANIUM JUNCTION TRANSISTORS used in this experi- 
mental machine are fairly low frequency response 
units. Some of the first transistors used had a 700-ke mini- 
mum alpha cutoff frequency, but later transistors were spec- 
ified for a 1-mc alpha cutoff frequency. The grounded 
emitter current gain of the junction transistors was spec- 
ified as 40 minimum and 90 maximum, although some of 
the transistors used had grounded emitter current gains as 
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high as 200. The reverse current at room temperature was 
specified as 10 microamperes maximum at 5 volts reverse 
bias. 

Junction transistors have characteristics that make them 
very satisfactory for use in switching circuits. One desir- 
able characteristic is that they approach an ideal switch. 
While they are more temperature sensitive than point-con- 
tact transistors, their cutoff collector current is two or three 
orders of magnitude smaller than that which point-contact 
transistors exhibit. This feature, plus their high current 
gain in the grounded-emitter configuration, makes them 
applicable to this type of machine, which uses an essentially 
d-c type of logic with a signal range of 5 volts. The de- 
cision to use a signal with a 5-volt excursion, from — 5 volts 
to ground, was made for several reasons. First and most 
important of these was the necessity for reliability. Early 
experience indicated that the cutoff current of a transistor 
had a higher rate of increase with time at the higher col- 
lector voltages than it did at the lower collector voltages. 
This indicated that a low collector voltage, and hence a 
low signal swing should be maintained. 


The use of low signal levels introduces several problems, 
one of these being in respect to the use of visual indicators. 
The NE2 neon indicator is a rather efficient light producer 
but requires a voltage change of at least 20 volts for oper- 
ation. This voltage is obtained with separate voltage am- 
plifiers, hence lower signals can be used for the switch- 
ing circuits. Another problem is that the signal level also 
influences the speed of operation and energy required in a 
transistor switching circuit. The alpha cutoff frequency of 
a transistor is directly related to the collector voltage, and 


the collector capacitance is inversely related to the collector 


voltage. Both of these factors indicate that a high signal 
level is best for high-speed operation. However, the larger 
the signal excursion, the larger is the energy stored on stray 
capacitance. A system with 20-volt signals has 16 times 
as much energy stored on the stray capacitance as is stored 
on the stray capacitance of a 5-volt system. In addition, 
the “‘punch-through” voltage which can limit the peak in- 
verse voltage rating of a transistor, bears an inverse rela- 
tionship to the alpha cutoff frequency. These factors 
indicated that future high-speed machines would of necessity 
operate with low signal swings. In addition, a collector 
supply voltage could be used which is three times the col- 
lector clamp voltage. This would achieve reasonably short 
recovery times without the use of excessively large supply 
voltages. Another benefit derived from the use of low 
voltages is that the power supply voltages can be applied 
or removed in a random sequence, and that cards can be 
removed without the necessity of removing power. As a 
result of all these considerations, it was felt that a 5-volt 
signal swing should be reasonably close to optimum. 

Various types of basic circuits are employed to accomplish 
the necessary switching and control functions. Included 
among these circuits are inverters, emitter followers, trig- 
gers, logical circuits, and output drivers. 


Inverter. The inverter is shown in Figs. 2A and 2B, using 
both PNP and NPN types of junction transistors. This 
gives the system designer an advantage not realized with 
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Fig. 2. Inverter 


vacuum tubes. The PNP inverter is capable of charging a 
capacitive load rapidly when a positive output is required. 
Conversely, the NPN inverter can be used when a capaci- 
tive load must be driven rapidly in a negative direction. 

The diode clamps, D, and D2, are used for two reasons. 
They reduce by a factor of two the turn-off time of the out- 
put signal when the inverter is driving a capacitive load. 
Also, the clamps firmly establish the orr level, and make 
this level less dependent on the type of load being driven. 
Inverter circuits are particularly susceptible to minority 
carrier storage effects, which can cause an excessive turn-off 
delay. These effects can be controlled by means of resistor 
R; and capacitor C;. Resistor R; is chosen so that a tran- 
sistor with a minimum acceptable grounded-emitter cur- 
rent gain will be just held in saturation, when the input is 
at —4 volts for a PNP transistor. This means that for the 
same conditions, a transistor with a high grounded-emitter 
current gain will be driven further into saturation. The 
minority carrier storage delay time will be abnormally long 
if a large transient current is not caused to flow into the 
base terminal when the transistor is turned off. The capac- 
itor C; causes this transient current to flow into the base 
when the input is returned to ground, thus supplying an 
adequate charge with which to turn off the transistor. It 
was found that a 2.5 to 1 spread in grounded-emitter cur- 
rent gain gave a reasonable turn-off time with a moderate 





Fig. 3. Emitter follower 
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Fig. 4. Ring counter 


value of capacitance for capacitor C;. The value of the 
load resistor R, is chosen so as to limit the maximum col- 
lector current to 5 milliamperes. 


Emitter Follower. ‘The circuit for the emitter follower is 
shown in Figs. 3A and 3B. It is desirable, as in the case of 
the inverter, to use both a PNP and an NPN type of emitter 
follower. The characteristics of the emitter follower cause 
the signal to suffer a loss in amplitude and a shift in level. 
After the signal is lowered by several stages of emitter fol- 
lowers or diode logic, the loss in amplitude is corrected by 
passing the signal through an inverter or level resetter. 
The shift in level, on the other hand, is compensated for at 
each emitter follower. This is achieved by means of re- 
sistors R; and R», and the voltage to which Rz is returned. 
One serious difficulty encountered with an emitter follower 
when driving a capacitive load is an overshoot in the output 
waveform. Ifthe resistor R; is not by-passed, this overshoot 
can be quite objectionable, but by shunting R: with capac- 
itor C; the overshoot can be minimized. 

The collector of the PNP emitter follower is returned to a 
potential of —8 volts rather than —5 volts. This is done 
to prevent minority carriers from being injected into the 
base region from the collector, when the input to the emit- 
ter follower is at —6 volts. This reduces the loading that 
the emitter follower presents to its driving stage, and reduces 
the rise time of the output. Because the NPN emitter fol- 
lowers in this calculator are used to drive loads with long 
time constants, the minority carrier effects are not appre- 
ciable. 

When fast rise and fall times are required with capacitive 
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Fig. 5. Counter trigger 


loads, a complemented emitter follower (Fig. 3C) is used. 
Positive-going input waveforms cause the PNP transistor to 
cut off and the NPN transistor to supply the load current. 
If the input waveforms are negative-going, the NPN tran- 
sistor cuts off and the PNP transistor discharges the capaci- 
tive load. This circuit can drive 12 triggers in parallel at 
a pulse repetition of 50 kc. 


Trigger. The basic (Eccles-Jordan) trigger is shown in 
Figs. 44 and 5A. The collectors are clamped at —5 volts 
by means of diode D; on the left side, and the emitter to base 
junction of the NPN indicator transistor on the right side. 
As was mentioned previously, the signal swing is too low 
to ignite a neon indicator and, therefore, a larger signal is de- 
veloped by means of the NPN neon indicator transistor. 
The collector of this transistor can achieve a voltage excur- 
sion of 40 volts for operating the neons. 

A total of five different types of triggers are used in the 
machine, differing only in how they are driven. Some are 
reset ON, while others are reset orF. The basic drive cir- 
cuits are shown in Figs. 4B and 5B. Fig. 4B is the type of 
input used when a trigger is operated in a ring circuit. 
The trigger can be reset by means of a cam-driven contact 
which opens the collector supply on one side of the trigger. 
It can also be reset by means of diode D; when the input 
is driven positive by a PNP inverter which is normally off. 
This input is at —5 volts until the inverter conducts and 
resets the trigger off. Positive-going waveforms on the 
SET ON or SET OFF inputs set the trigger in the on (right 
transistor conducting) or oFF (left transistor conducting) 
state, respectively. 
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Fig. 5B shows the type of input connection that is used 
with counter triggers. The diode D, is connected to —5 
volts and no cam reset is required. The purpose of Rs, 
Dz, C3 and Rg, D3, and C, is to act as gates or “steering” cir- 
cuits. Capacitor Cs and diode D, provide a reset off input. 
These binary triggers are cascaded, with blocking feed- 
back from the fourth stage to the second stage, to form a 
binary-coded decimal counter. 


Decimal Counter. The decimal counter is used for the 
13-digit accumulator, a 5-digit MQ, and the 32 digits of 
storage, for a total of 50 decimal counter positions in the 
machine. The timing conditions in this counter are aggra- 
vated by the low frequency response of the early junction 
transistors that were used. One frequency limitation that 
became apparent is the delay accumulated in the “carry” 
from a 4-stage decimal counter. This delay was avoided 
by using a circuit (Fig. 6) that detects if a 9 is contained in 
the 1-2-4-8 counter. The tenth input pulse is gated directly 
through the counter to produce a “carry” with no delay 
due to the transition time of the triggers. This “fast carry” 
is accomplished by a three-way or circuit. The inputs to 
the or circuit are from the counter input and from the first 
(1 TR) and fourth (8 TR) stages of the counter. The 
output of the or circuit can swing negatively only if the 
counter contains a 9 and the input is negative. When the 
tenth input pulse goes positive, an immediate output occurs 
from the or circuit to indicate the presence of a carry. 


Timing Ring. An application of the ring trigger circuit 
discussed previously is in a timing ring shown in Fig. 7. 
This ring has its alternate stages driven by two separate 
“advance” lines. The ring is arranged so that the “odd” 
stages are driven orF on one “advance” signal and the 
“even” stages are driven OFF on the next successive signal. 
Any stage that is being driven orF can be coupled to the 
next stage to turn it on. The two advance lines are each 
coupled to alternate triggers by a common line driven by an 
inverter; these lines clamp every other stage of the ring 
in the orF state. The outputs of each trigger are capaci- 
tively cotipled to the corresponding bases of the transistors 
in the next stage. Therefore, any trigger in the ring that is 
pulled orr will drive the next successive trigger ON with a 
fast regenerative action. 


Logical Circuits. Logic is performed both with diodes 
and with transistors. Transistor logic is used wherever the 
requirements of speed dictate. The AND operation is per- 
formed by means of PNP emitter followers paralleled with a 
common load resistor as shown in Fig. 8A. The output 
is at ground if X and Y and Z are each at ground level. 
The or operation is performed by the circuit shown in Fig. 
8B, with the output at ground level if either X or Y or Z 
is at ground. 

Output Driver. The relays and other electromagnetic 
devices in the calculator are driven by a power transistor 
developed and fabricated by IBM.' This transistor exhibits 
a negative resistance characteristic and is used in a manner 
very similar to the use of a thyratron tube. The relay driver 
circuit is shown in Fig. 9. The thyratron-like transistor 
will “latch on” with a short duration input pulse and the 
collector circuit is opened mechanically in order to return 
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the transistor to its state of low conduction. The average 
emitter-to-collector current gain of the power transistor is 
four and indicates the current multiplying property of the 
device. The average collector voltage drop at 100 milli- 
amperes is 2 volts, and the transistor can be triggered ON 
with a pulse duration of about 1 microsecond. This device 
is used for all the output circuitry to the card punch. 


Packaging. ‘The transistorized model occupies less than 
one half the volume of the vacuum tube 604, although the 
packaging was not directed toward extreme miniaturiza- 
tion. Printed wiring techniques are used for assembly of 
the transistor circuitry. A pluggable unit arrangement is 


used to facilitate assembly and servicing of the machine. 
The basic circuit package consists of circuit components 
soldered on a printed wiring card, 3 by 5'/2 inches, with 18 
The 595 cards in the calculator are composed 
of a total of 40 different types. 


terminals. 


The supply voltages used are 15, —5, —8, and —15 volts 
for the transistor circuits. In addition, 45 and —45 volts 
are supplied for the neon indicators. The power supply 
has a tuned transformer input which enables the circuits to 
operate satisfactorily with a line voltage variation of from 
90 to 125 volts at 60 cycles per second. 

The total power consumption of the transistorized calcu- 
lator is only 310 watts. This is a power reduction of 95 
per cent from the vacuum-tube machine. 


Operating Experience. The transistorized calculator has 
undergone tests to study machine operation at elevated 
temperatures and it has been displayed and operated under 
adverse conditions in several different cities. A total of 5 
per cent of the transistors have been replaced. Four per 
cent were caused by: (1) initial wiring errors; (2) acci- 
dental short circuits when servicing; (3) improper insertion 
of cards; (4) card at wrong location; or (5) errors on the 
cards, such as incorrect resistor values. Of the additional 
1 per cent, half of these failures were due to either increased 
reverse Current or current gain out of specifications. The 
others were due to miscellaneous troubles, such as a high 
noise figure or instability. Probably most of these were 
damaged during testing periods, but were not detected 
immediately. 

Although quite low signal levels are used, no difficulty 
is experienced with “pickup” and related troubles, even 
with 40-volt relay circuitry physically located near some of 
the electronic circuits. Since careful consideration was 
given to relay and electronic ground return isolation, no 
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trouble results from induced voltages caused by relay drop- 
out nor from other transient voltages. 

Special precautions are not taken when transistors or 
printed wiring cards are removed or inserted with ‘all volt- 
ages on the machine. Also, any voltage can be removed 
from the electronic circuits without damaging transistors, 
and the voltages can be removed or applied in any sequence. 

The transistor machine can be readily serviced, and the 
circuitry is easily understood by engineers familiar with 
vacuum tube machines. It even offers a few additional 
servicing advantages because the lower voltages are some- 
what safer and no filament warm-up time is required. 


CONCLUSION 


THE EXPERIMENTAL transistorized calculator contains 
2,165 transistors and 3,600 germanium diodes, with no 
vacuum tubes. Operating experience has proved very 
satisfactory and indicates that the transistor will play an im- 
portant part in the computers of tomorrow. 

The use of transistors in future computers promises many 
advantages. In addition to the obvious advantages of 
transistors in providing size and power reduction, the most 
important factor is the expected long life of transistors, 
which should provide a much higher degree of system reli- 
ability. 
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A 90-ton generator rotor descends into one of three new heat 
treating furnaces installed at U. S. Steel’s Homestead District 
Works, Pittsburgh, Pa., forging facilities recently expanded. A 
quenching tower adjacent to furnaces prevents excessive cooling 
of forgings in transfer. 
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NEW DESIGN PRINCIPLE is the basis for three 
novel types of electronic measuring instruments. 
The instruments are direct reading and may be used to 
measure power, power factor, voltage, or current. 

All circuits utilize essentially two tubes, operated as 
cathode followers, in a push-pull fashion, so that the in- 
herent property of a wide-range linear characteristic is 
used with advantage. The new principle underlying the 
operation of the tubes involves the commutation of their 
currents in alternate half cycles by means of a square-wave 
generator, while an alternating signal is applied to their 
grids. The resulting average tube current is a direct 
measure of the product J cos g or V cos g; I, V, and cos ¢ 
being respectively the current, voltage, and power factor of 
the circuit under measurement. 

A rectifier gives a direct current proportional to the alter- 
nating voltage. For the measurement of power, an elec- 
trodynamic instrument multiplies the two direct currents 
which are proportional to J cos g and V. For the direct 
reading of power factor, the quotient of the two direct 
currents which are proportional to V cos g and V is ob- 
tained. The division is effected by means of a novel d-c 
division device, which is essentially a twin logarithmic-scale 
d-c instrument with a moving scale. 

The first type of instrument, shown in Fig. 1, is the grid- 
controlled type. The tubes are biased to work on the mid- 
point of the linear part of their control-grid/plate-current 
characteristic. The square-wave signal is of sufficient 
negative amplitude to ensure that the tubes cutoff during 
alternate half cycles. It is obtained from a square- 
wave generator which gives an output of the same fre- 
quency and in phase with the a-c signal applied to its in- 
put. When this latter is derived from the voltage V, and 
the a-c signal applied to the commutating tubes is propor- 
tional and in phase with J, the reading of the indicating 
instrument is directly proportional to the product J cos ¢. 
The indicating instrument may be a simple d-c instrument 
bridged between the cathodes, or a differential instrument 
with one coil connected in the cathode circuit of each tube. 

When the input to the square-wave generator is derived 
from J, the device becomes an ammeter with a linear scale, 
while when the a-c signal applied to the commutating tubes 
is derived from V, the device becomes a voltmeter with a 
linear scale. 

The second type of instrument is the suppressor-controlled 
type. The square-wave signal is applied to the suppressor 
grids of two pentodes, while the a-c signal is applied to their 
control grids. The screen grids are cross-connected to the 
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plates to increase the sensitivity. The indicating instru- 
ment is connected in the plate circuits. 

The third type of instrument, shown in Fig. 2, is the cath- 
ode-controlled type. When V2 is conducting, the voltage 
drop across the common cathode resistor will cause V7 to 
cutoff, while when V2 is cutoff, V7 will be conducting. 

The two latter types have the advantage of providing a 
suitable grounding point for the circuit. The third type 
is suitable for use at much higher frequencies. 

The different sources of error affecting the performance of 
the instruments are analyzed, and the resulting errors are 
found to be very small. The predicted higher frequency 
limit is of the order of 30 mc at unity power factor and 3.5 
mc at zero power factor. However, it is believed that 10 
mc is a reasonable practical limit. Tests on the circuits at the 
higher audio frequencies gave results in close agreement 
with the theoretical values expected. 

For power measurement, an ordinary electrodynamic 
instrument is used, with its coils rewound to be suitable for 
use with the circuits concerned. The complete wattmeter 
circuit was tested, at power-line frequency, by comparison 
with an ordinary wattmeter. 

The dividing twin logarithmic instrument, devised for the 
direct reading of power factor, involves two identical d-c 
log-scale instruments placed one above the other, such that 
their movements rotate about the same vertical axis. The 
pointer of one instrument carries a light scale, on which the 
pointer of the other instrument reads the power factor. 

The novel instruments are characterized by their sim- 
plicity in theory, circuit design, operation, and adjustment. 
Almost any tube type can be used. The use of negative 
feedback and push-pull operation eliminates rectification 
errors, precludes the necessity of critical adjustment of the 
circuit, and gives increased stability, less trouble with tube 
replacements, and insensitivity of calibration and zero 
setting to supply voltage variations. Among the good fea- 
tures of the instruments are the uniform scale of the indicat- 
ing instrument, the low insertion loss of the series resistor in 
the current circuit, the high accuracy, and the simplicity of 
adapting the instrument for multirange use. 
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Design of Electric Systems 


in Jet Fighter Aircraft 


G. W. GODFREY 


Some of the more pertinent problems involved 
in the design of a jet aircraft electric system are 
discussed. The methods used in approaching 
these problems, along with a detailed analysis of 
the design of two typical circuits, are presented. 


HE ELECTRIC SYSTEM in a jet fighter is com- 
ne aid of hundreds of separate circuits each of which 

is complete within itself. The job of the electrical 
designer is to integrate this intricate maze of circuits so that 
each may be controlled by the pilot in a simple and ex- 
pedient manner. 

Circuitry, however, is only a portion of the problem. An 
equally challenging factor is the design of the installation of 
electric equipment and associated wiring. In performing 
this task, the engineer must conceive a design which will be 
compatible with the available space in the airplane; will 
insure, within practical reason, against equipment malfunc- 
tions; will permit ease of equipment maintenance after the 
aircraft is complete; and will keep the weight of the electric 
system at minimum values, in order not to exceed design 
limits for the over-all weight of the airplane. 

Concurrent with the search for a solution to the problems 
described in the foregoing paragraph, the engineer must 
keep abreast of the latest developments in aircraft electrical 
design. This is mandatory since the electric system must 
keep pace with the advances in other phases of aircraft 
design such as aerodynamics, power plant, hydraulics, 
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surface controls, electronics, etc. Thus, it is imperative 
that the aircraft electrical engineer tax his ingenuity and 
capabilities to the limit in the ceaseless drive to design air- 
craft of the highest quality scientifically possible. 

It is obviously impossible to cover in this short presenta- 
tion all of the problems involved in jet aircraft electric sys- 
tem design or to describe completely the electric system. 
This article is intended, therefore, to aid those electrical 
engineers not directly engaged in jet fighter aircraft electric 
system design in gaining a general understanding of the 
electric system in a jet fighter and to consider the great 
challenge which is offered in this field. 


APPROACH 


GENERALLY SPEAKING, the design of a jet aircraft electric 
system requires approximately 25,000 man-hours and 10,000 
laboratory man-hours. Normally, the electric system must 
be designed within a certain time schedule in order that the 
design may be co-ordinated with other system designers, 
and the engineering may be completed in time to meet 
production schedules. It is thus apparent that a relatively 
large number of qualified and experienced electrical 
engineers are required to accomplish the work represented 
by this estimate. 

After the profile or general configuration of the airplane 
is determined, what might be called the approach phase of 
the design of the electric system is initiated. A preliminary 
schematic diagram of the entire electric system is prepared 
showing the a-c and d-c bus distribution and other major 
systems. From _ this preliminary 
schematic, a plan of action is for- 
mulated for the design of component 
systems and the installation of 
equipment and associated wiring. 
In addition, an a-c and d-c load anal-- 
ysis is prepared which establishes 
the size of the d-c generator and a-c 
conversion components. This phase 
of aircraft electric system design is 
extremely important and it is in 
this phase that the engineer studies: 
in detail the electric system power 
source equipment. Schematic dia- 
grams of the a-c and d-c power dis- 
tribution systems are presented in 
Figs. 1 and 2. 
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Schematic diagram of a-c power busses and distribution system 
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to examine the proposed 
electric system in the physi- 
cal configuration of the actual 
airplane, and production personnel who are to fabricate the 
system can use the mockup as a training aid. For simpli- 
fication, certain special circuits will be discussed. 


FIRE DETECTORS 


ONE OF THE MORE IMPORTANT auxiliary electric circuits 
in the airplane is the fire detector circuit. The fire detector 
system is considered a “‘safety of flight” item and, as the 
name implies, is a device that warns the pilot when a fire 
exists so that he can take immediate action to save the air- 
craft and, in many instances, himself. 

Since fires would most likely originate in the engine com- 
pressor section or the engine burner section, these sections 
of the airplane are normally equipped with fire detectors. 
The general layout of a typical fire detector system is shown 
in Fig. 3. The fire detector system is normally set up with 
two complete circuits, one for burner and one for com- 
pressor, so that the pilot is warned as to what section of the 
airplane is on fire. 

If a compressor fire occurs, the pilot will shut down the 
engine and attempt to blow the fire out before abandoning 
the airplane. If a burner fire exists, the pilot will reduce 
throttle, for the fire may merely be an overheated tail pipe. 

The important installation design considerations for this 
system are: 


1. The detector must be strategically located, so that a 
fire will be detected as quickly as possible after it starts. 

2. The amplifiers must be located outside of a possible 
fire zone, since they are also used to warn the pilot when the 
fire is put out. 

3. The wiring should be electrically and mechanically 
adequate. While the current carried in these circuits is 
relatively small, 16-gauge wire is used to assure, as far 
as practicable, that the wiring will not be damaged by 
installation and maintenance personnel. 


Before the detector for a specific location can be cali- 
brated, the ambient temperature for the area in which it is 
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Fig. 2. Schematic diagram of d-c power busses and distribution system 


to be installed must be obtained from thermodynamics 
engineers. This infermation is necessary so that the de- 
tector alarm point can be set well above this temperature to 
insure against a false alarm. 

After the detector installation has been designed, it is 
installed in a prototype airplane for flight testing. Based 
on the data obtained from the flight test, the system is 
adjusted so that it will function properly under all flight 
conditions. 

There are several types of fire-detector systems used 
today. Basically, however, they fall into three categories: 


1. Rate of Temperature Rise. This type of fire detector 
consists of 15 or 20 thermocouple fire detectors connected in 
a series and routed into an amplifier box. When the tem- 
perature around any one of these thermocouples rises fast 
enough, such as when exposed to a fire, an emf is generated 
which will close a sensitive relay, thus energizing a light in 
the cockpit which shows the location of the fire to the pilot. 

2. Thermal Detector. This type of detector is, as the 
name implies, a calibrated thermal switch. A number of 
these detectors are wired in parallel and through a warning 
light in the cockpit. When the temperature around any 
one of the detectors rises above the calibrated setting of the 
detector, the detector or thermal switch closes, thereby 
illuminating the fire warning light in the cockpit. 

3. Continuous Element. This type of fire detector device 
is more complex than the ones described in 1 and 2. The 
fire detection sensing element of this type detector consists of 
several, usually 10-foot long, elements located throughout 
the airplane in potential fire zones. These elements are 
connected together with 750-F fire-zone wire that will not 
be destroyed in a flame. The control unit is comprised of a 
simple resistance bridge circuit that is normally balanced, 
with the sensing elements as one leg of the bridge. 


AIRCRAFT LIFT-DEVICES CIRCUIT 


A SECOND ELECTRIC SYSTEM of interest to the aircraft 
electrical engineer is the aircraft lift-devices circuit. This 
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Fig. 3. Continuous-element fire-detector system 


system is a typical flap system on a fighter airplane and also 
a “safety of flight” circuit. The modern high speed Navy 
jet fighter must land at the lowest possible speed in order to 
be taken aboard an aircraft carrier. If the flap system 
were to fail, it would be hazardous to land the aircraft. 

In the design of the lift-devices cofitrol circuit, the elec- 
trical designer learns from the aerodynamics engineer the 
forces which must be overcome when the device is lowered 
into the air stream and retracted into its normal position. 
The structural configuration of the various components to 
be actuated will be obtained from the wing engineers. 

Creating a hypothetical problem for discussion, suppose 
there are ten surfaces to be lowered and raised simultane- 
ously as shown in Fig. 4. Six of the surfaces, defined as 
wing leading edge flaps, are actuated by electric motor- 
driven actuators. It can be determined at the outset that 
both inboard wing flaps can be operated by one actuator. 
One flap will be driven by the actuator while the other is 
operated by a flexible shaft through a small gear box. It is 
not generally practical to operate the outboard flap by 
means of a flexible shaft off the inboard actuator, inasmuch 
as it must cross the wing fold. Therefore, the outboard 
flaps should have separate actuators, the six leading edge 
flaps being operated by four electric motor-driven actu- 
ators. 

Sometimes the ailerons also are used as flaps. The 
ailerons are lowered a predetermined number of degrees 
during landing and take-off. Since the ailerons may be 
normally operated hydraulically, the action of lowering and 
raising the ailerons as flaps can be accomplished by a 
flexible shaft operated by the trailing edge flap actuators. 
However, a problem is brought forth by this design. That 
is, when the airplane is on the ground, the trailing edge 
flaps could be actuated inadvertently without hydraulic 
pressure available to the aileron. If this should happen, 
the flexible shaft driven by the flaps which is used to lower 
the ailerons would break, since the aileron could not move. 
This restriction can be overcome by placing a pressure- 
sensing switch in the hydraulic line to the aileron. This 
switch can be placed in the circuit so that electric power will 
not reach the trailing-edge flap actuator motors unless 
hydraulic pressure is available to the ailerons. 
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Fig. 4. Flap and droop leading-edge control system 


The trailing-edge flaps use two electric motor-driven 
actuators, one for each flap, although the right- and left- 
hand flaps are connected by a flexible shaft which is geared 
to both actuators. Either actuator is designed so that it 
alone will be sufficient to drive both flaps, in the event of 
failure of one. However, since it is desirable to raise the 
flaps as soon as possible after take-off, the power by both 
actuators is normally utilized. Thus, the desired charac- 
teristics are obtained, and at the same time, realistic relia- 
bility is designed into the system with the least weight 
penalty. 

With the circuit tentatively established, the specific 
components must now be designed; that is, the design 
specification for the components must be formulated. 

Simultaneously while designing and testing the compo- 
nents and circuits, the engineer must design the installation 
into the airplane. This usually is as interesting as designing 
the circuit. Factors that must be taken into consideration 
are: (1) location of flap switch and indicators in the 
cockpit; (2) location of actuators, relays, and pressure 
switches; and (3) wire routing to insure the shortest 
possible length and to reduce the possibility of short circuits. 

It usually takes considerable design layout time in order 
to co-ordinate the design of the installation with all other 
systems going into the airplane. 


SUMMARY 


THE FOREGOING EXAMPLES are problems that take a 
major share of aircraft electric system design time and 
represent the type of work in which the majority of electric 
system designers are engaged. In summarizing, it is hoped 
that the information presented may be helpful in gaining a 
better understanding of the various basic points which must 
be considered in the design of a jet-fighter electric system, 
and that the challenge existing in this field has been made 
apparent. The problems facing the jet-aircraft electrical 
engineer run the gauntlet from the design of a simple clamp 
installation to the complexities which arise in the prepara- 
tion of the entire system. Working hours are long and 
responsibilities are heavy, but jet-fighter electrical design is 
one of the most interesting and rewarding fields that an 
electrical engineer may enter. 
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Analysis of Backlash in Control Systems 


L. M. VALLESE 


ASSOCIATE MEMBER AIEE 


ONLINEARITIES of backlash type are charac- 

terized by a multivalued input-output relationship 
which depends both upon the instantaneous value and 
the rate of change of the input and, in general, cannot be 
expressed in simple analytical form. 

The usual method of attack of such problems is based on 
the assumption that the input quantity varies monotoni- 
cally between two equal and opposite peak values; then the 
input-output relationship assumes well-defined and simple 
expression and graphical representation, depending only 
upon the magnitude of the peak value of the input. The 
actual solution can be obtained with step-by-step analysis! 
and is exact, subject to the limitation implied with the as- 
sumed backlash characteristic. An approximate solution 
can also be obtained, assuming it has the form x= A, sin Q 
and applying the principle of harmonic balance.”* 

By application of the Kryloff—Bogoliuboff method,* it is 
possible to develop in the time instead of in the frequency 
domain the sinusoidal analysis of a feedback control system 
with 1 degree of freedom. This procedure, in addition, 
permits one to take into account up to a certain extent the 
harmonic content of the input variable in the evaluation of 
the multivalued characteristic. 

An application is shown for an autonomous feedback 
system with backlash in the feedback branch of the loop, 
whose behavior is described by the differential equation 
%+a1¢ +a2y(x) =0 (1) 
where y(x), the backlash characteristic, is a sum of a 
single-valued and a multivalued term: y=Ax-+f/(x). For 
the backlash characteristic of Fig. 1, with x=A,siny, then 
f(x) = —kxy for —~iSySr/2 

=k(Az —xo—x), for r/2S¥S4—vi 

= Kx, for r—¥i SW S30/2 

= —K(A,—xo+x), for 3r/2<yS2r—-—y 
where siny;=1—2xo/A,. f(x) is periodic and single valued 
in y, with a Fourier spectrum of odd harmonics only 


fv) = >> [fn(Aze) cos mp-+en( de) sin mp] 





n=1,3... 
A relative measure of multivaluedness is expressed by means 
Az 
: x : 
of the integral et dx, which becomes smaller as A,/xo 
—Ag 4\z 
increases. The results of the time-domain analysis are 
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Fig. 1. Backlash 
characteristic for ieee 
Ar <2x 


where p= Ka2/a? and Q'=Q/a;. It is found that r0Q! <p and 
that A,/xo is determined uniquely in terms of the parameter 
£=p/Q'. Two oscillations are obtained for each value of a, 
one unstable with amplitude A, less than 1.6x9 and the other 
one stable with larger amplitude. Actually from step-by-step 
analysis it has been shown! that the unstable solution does 
not exist and the critical value of p for limit existence of 
oscillations is p=3.046. The failure of the Kryloff- 
Bogoliuboff analysis for small values of A,/xo is due to 
the large value assumed correspondingly by the relative 
measure of multivaluedness. 

The method of Kryloff—Bogoliuboff provides a refine- 
ment of the solution of first approximation with the ex- 
pression 


1 
r=4, siny+ )> Gaatmalla(Ae) 008 my -+gn( de) sin ny] (3) 
o57, (m*—1)0 


where f,,, Z,, have been defined previously. Using equa- 

tion 3, one can re-evaluate the backlash characteristic, 

obtaining a new expression of type y= Kx+F*(x). Substitu- 

tion of x= A,’ siny+)>B, cos m/+C, sin mp and application 
3,5... 

of the principle of harmonic balance finally provides a 


solution of higher approximation for x= «x(f). 
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Surface Emissivity 


as a Factor in Appliance Design 


A. D. SMITH 


The property of emissivity is sometimes an 

overlooked fundamental in electric-appliance 

design. A _ practical consideration of this 

factor in the materials used is important for 

efficient heat transfer, as is shown by the data 
that is presented in this article. 


LECTRICAL APPLIANCES rely, for the most part, 
E on simple economical means of effecting heat transfer. 
Stating it in the simplest terms, the object of heating- 
appliance design is to direct heat to areas where it will be 
used and to prevent heat flow to areas where it serves no 
purpose or may actually do harm. Electrification of the 
pot-and-pan business certainly requires no great measure 
of technical knowledge to obtain adequate results. Ad- 
herence to fundamental truths of heat transfer should be the 
rule, however, in designing for ultimate performance. A 
frequently overlooked and often misunderstood fundamental 
in heat transfer is the property of emissivity. 

A roaster oven presents one striking example of the effect 
emissivity can have on the efficiency of a design. As is 
commonly known, a roaster consists simply of a heated 
outer pan containing another pan in which baking is ac- 
complished. It might seem that any reasonable selection of 
materials for its construction would be suitable—since 
aluminum is popular for cooking utensils, inquiries are 
frequently received asking why the roaster pan cannot be 
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Reflectance values over the effective spectrum 


made of this material. Also, it is often suggested that a 
cover given the new look by copper anodizing or, perhaps, 
by a colorful porcelain-enameled finish would appeal. 

Although these are good ideas, they are not practical, 
solely because of this elusive property of emissivity. High 
emissivity implies good heat absorption; low emissivity is 
synonymous with good reflecting properties. Porcelain, 
being both a good emitter and good absorber, is obviously 
an ideal choice of finish to effect efficient heat transfer be- 
tween the pans. Aluminum, being a good reflector, is a 
particularly suitable material for the cover, since it must 
reflect heat within the cooking chamber back onto the foods 
being prepared. One of the earliest roasters in the history 
of appliance manufacture employed an aluminum pan and 
a porcelain cover. Evidence presented in Table I shows 
that such a disregard of fundamentals resulted in inefficient 
operation. Note that this early design requires almost 
double the wattage needed to maintain temperatures in 
the modern efficient design. 

A knowledge of emissivity is particularly useful when 
working out thermal design problems on handmade models. 
Since emissivity is a surface characteristic, it is necessary 
only to vary finishes of the components to obtain the de- 
sired results. In this manner, it is often possible to arrive 
at the final design using a minimum of expensive models. 


DEFINITION 


By DEFINITION, the emissivity of a surface is the ratio 
of the intensity of radiation emitted 
by that surface to that radiated by 
a maximum emitter. It is numer- 
ically equal also to the absorptivity 
of that surface. For example, white 
asbestos board has an emissivity of 
94 per cent in the infrared spectrum. 
It will emit 94 per cent of the 
radiation given out by a perfect 
emitter operating at the same tem- 
perature. Also, it will absorb the 
same percentage of radiation arriv- 
ing at its surface from a source op- 
erating in the infrared zone. Re- 
flectance is, as the word implies, 
the percentage of arriving radiation 
that a surface will reflect, being 6 per 


cent in the case of the asbestos board. 
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Table I. 


Roaster-Oven Efficiency 





Table IV. Radiation Emissivity of Various Materials 
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Table II. Reflectivity of Various Lacquers on Aluminum Foil* 
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* Courtesy of Aluminum Company of America. 


Table III. Sandwich Grill-Waffle Baker Improvements 
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Two scientists, Stefan and Boltzmann, working inde- 
pendently, did the initial research on emissivity character- 
istics and undoubtedly contributed greatly to a better under- 
standing of heat transfer. Unfortunately, their terminology 
in describing a perfect emitter as a black body has led to 
many popular misconceptions. A surface approaching 
black-body émission is white hot at 1,500 C, red when 
medium hot, and may be any color for the invisible long 
wavelengths of heat encountered in the majority of elec- 
trical appliances. The fact is that a black body is black 
only in the narrow visible spectrum. While the eye can 
appraise and judge a surface’s emissivity in this narrow band 
it cannot be relied upon to evaluate characteristics in the 
much broader infrared range. A notable example which 
belies the eye’s judgment is hoar frost, which is visibly white 
and a good spectral reflector, but will absorb 98.6 per cent 
of all incoming radiation in the infrared range for one of the 
highest emissivities known. 


REFLECTANCE VALUES 


ALL MATERIALS are selective emitters or absorbers to 
some extent and have varying characteristics over the 
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Fig. 2. Effect of an oxide coat and a lacquer film on 
emissivity 


spectrum from visible to infrared wavelengths. Fig. 1 
shows reflectance values for a few materials over this 
complete spectrum. Actually, a third variable, imagina- 
tion, is included in this graph since curves are merely 
joined over a large span of wavelengths where reflectance 
values are not available. The curve for white porcelain 
enamel shows a reflectance averaging 75 per cent, as re- 
corded in the visible spectrum by a spectrophotometer. 
Notice, however, that reflectance falls off sharply in the 
infrared spectrum until it reaches a value of only 9 per 
cent at peak wavelengths corresponding to 200 F. That 
color has no effect on long-wavelength reflectance is shown 
by the coinciding curves for white and black porcelain 
enamel at values beyond the visible spectrum. 

Contrast also the relative reflectances of untreated and 
anodized aluminum, as shown in Fig. 1. Like most metals, 
aluminum has the lowest reflectance for ultraviolet, and 
has increasing values for increasing wavelengths. While 
the anodized-aluminum surface may actually gain light 
reflectance by electrolytic brightening, its reflectance falls 
off to 14 per cent at peak wavelengths at 200 F. 

Emissivity must be measured at temperatures below 
which a material will change state by combustion or melt- 
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ing. The surface of a material will react to wavelengths 
from a source having higher temperatures than it would be 
possible to obtain on the material being investigated. For 
this reason, a reflectance chart such as Fig. 1 is perhaps 
of more value than an emissivity chart which is inherently 
limited. 

COATINGS 

THE INCREASE in emissivity with increases in the thick- 
ness of anodic-oxide coating on aluminum is shown in Fig. 2. 
These values were measured at 100 F. Were emissivities 
measured at different temperatures, this graph would show 
a family of curves leveling off at the same final emissivity. 
However, each curve would reach this final value at a 
wavelength magnitude equal in length to the thickness 
of the oxide coating. Apparently, the surface begins to act 
like the deposited coating only when the coating thickness 
is of the same magnitude as the emitted wavelength. 
Fig. 2 and Table II show the effect of various lacquer 
coatings on aluminum, and point out the fact that color has 
little effect on emissivity at 100 F. It is the chemical nature 
and physical state of the surface that determines its emis- 
sivity, not its color. 

The rather peculiar effect that anodic coatings have on 
the emissivity of aluminum affords the designer an oppor- 
tunity to choose a visually bright surface and, at the same 
time, to select a surface of either high emissivity or reflect- 
ance at ordinary operating temperatures. During the de- 
velopment stages in the design of a rotisserie it was found 
that motor-coil temperatures were marginal, and slightly ex- 
ceeded limits set by Underwriters’ Laboratories. The 
motor had been isolated from direct contact with metallic 
components, and a practical maximum of ventilation had 
been provided. All types of motor-mounting insulations 
were tried in addition to many “‘last resort” schemes for 
redirecting the flow of air over the motor. A decorative 
aluminum escutcheon had been provided with ventilation 
slots and was placed adjacent to the motor. Although this 
escutcheon was providing adequate ventilation, it was, at 
the same time, reflecting heat within the motor chamber 
directly back onto the coil of the motor. Anodic treatment 
of the escutcheon destroyed its high reflectance, served to 
pick up heat radiated by the motor, and dropped the coil 
temperature to a point where a good safety factor existed. 
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Fig. 3. Sandwich grill- 
waffle baker heating 
times before and after 
emissive cement coating 
to underside of grids is 
PLAIN | 1200 WATTS added. Fig. 4. Sand- 
| wich grill-waffle baker 
jp — —_reeareo reo werts | heating times before and 
after bimetal of thermo- 
| | | stat is coated with high- 
emissive paint, and a 

baffle added 
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This simple expedient had been overlooked until the last 
stages of design, as ventilation and insulation had seemed 
to be the most obvious solutions to the problem. Anodizing, 
of course, can be detrimental, as in the case of a roaster 
cover given the new look by anodizing and dyeing a copper 
color. The oxide coat thus formed increased the cover’s 
emissivity to such a degree that radiant heat losses prevented 
adequate browning of foods and increased the watts neces- 
sary to maintain temperatures. 


REDESIGN 


UNTIL RECENTLY, it was common practice to attempt to 
heat aluminum sandwich-grill or waffle grids by direct 
radiation from an open-coil heater. Often the reflector 
directly under the coils had a protective nickle plating. 
The inefficiency of such design is obvious, as the aluminum 
grids reflected better than 90 per cent of the radiant 
heat back onto the nickel-plated reflector which soon 
oxidized and absorbed a high percentage of all radiations. 
The net result was a rather efficient heating of the table 
upon which the appliance rested, as well as the components 
other than the grids. 

Data of Table IIT and curves of Fig. 3 show the improve- 
ment realized in the redesign of a sandwich grill-waffle 
baker combination by adding a highly emissive cement 
coating to the underside of the grids. Heating of the grids 
was accelerated even with reduced wattage; high tempera- 
tures at troublesome points were minimized; also an ex- 
pensive double-bottom cover was eliminated. Such re- 
design was not accomplished, however, without consider- 
able work in developing a thermostat that would respond 
to the rapid heating of the grids. Conventional thermo- 
stats lagged grid temperatures and failed to cut off at the 
proper time, resulting in excessive overtravel. Emissivity 
again provided the key to this problem. The bimetal of 
the thermostat was coated with a high-emissivity paint, and 
a baffle with the same treatment was placed next to the 
bimetal to prevent its receiving direct radiation from the 
coils. Reradiation from the grids was picked up by the 
coated bimetal and baffle, adding to the response provided 
by conduction and resulting in a sensitive thermostat. 
Fig. 4 shows another heating curve for such a combination 
appliance, utilizing coated grids and a similar thermostat. 
Aluminum-coated steel serves as both a heater support 
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and reflector in this design. Although the thermostat for 
this appliance is in contact with the grids, it will operate 
satisfactorily when responding only to heat reradiated from 
the grids. Such results could not be obtained were 
ambient temperatures surrounding the thermostat at sub- 
stantially higher levels than the grid temperature. —Thermo- 
couples placed to measure ambient temperature show that it 
follows grid temperatures closely. Efficient transfer of 
radiant heat has this effect of keeping ambient temperatures 
low, and can contribute to a large extent in keeping com- 
ponents such as handles and bottom covers cool. 


SELECTIVE COATING 


THERMAL DISTRIBUTION can be controlled very effectively 
by selectively coating surfaces with preparations having the 
desired emissivity. Fig. 5 shows a broiler-griddle attach- 
ment for a roaster that employs the principle of selective 
coating. A coil conformation designed to yield a good 
heat pattern for broiling tended to make the center of the 
cooking platform hotter than the edges when the unit was 
used as a grill. Bottom edges of the platform were coated 
with a high-emissivity cement, adding heat to the borders 
and evening out the heat distribution. Note that the 
highly absorbing cement surface is shielded by an aluminum 
reflector when the appliance is used as a broiler. 

Selective coating is used also to obtain good thermal dis- 
tribution in a sandwich grill-waffle iron combination. 
Even heat distribution could be obtained on either set of 
grids independently, but coil conformations suitable for one 
set did not provide an even heat pattern for the other set 
as they differed in mass. The lighter set of grids was 
selectively coated to obtain the desired heat pattern. This 
particular appliance was merely a redesign intended to im- 
prove efficiency by the use of high-emissivity coatings. 
Retooling of any major components was avoided by the 
simple expedient of selective coating. 


HEAT SHIELDING 


TABLE-TOP TEMPERATURES have always been a problem in 
This was particularly true 


designing electric housewares. 


in the days of the nonautomatic appliance. In one early 
nonautomatic sandwich grill, a bottom cover fabricated in 
nickel-plated steel was used as a heat shield. Table 
temperatures rose at a moderate rate until the nickel plating 
became oxidized. The increase in emissivity resulting 
from oxidation soon caused table temperatures to rise 
rapidly to a point where a definite fire hazard existed. An 
aluminum bottom cover solved the thermal problems, 
but failed to provide the structural strength necessary since 
the bottom cover served as a retaining member for securing 
the grids and supporting the feet. 
was just being offered on the market at the time of this 
development. The use of this material for the bottom- 
cover application solved both the thermal and structural 
problems and provided a part that retained its good 
reflectance over the life of the appliance. Since that time 
aluminum-coated steel has been employed successfully 
where strength and low emissivity are required. It is 


Aluminum-clad steel 


a relatively inexpensive material and is particularly suitable 
for heating element supports and reflectors under open 
heaters. Significant lowering of all component tempera- 
tures was realized when this material was used to replace 
the conventional porcelain-enameled shields under the 
heating units of a “built-in” surface-range design. Effec- 
tive heat shielding is a necessity in “‘built-in” design. Here, 
control of emissivities can be an all-important factor. 

It has sometimes been assumed that since a material is a 
good insulator for conducted heat, it must, as a con- 
sequence, be a good insulator for radiant heat. Asbestos 
has*sometimes been misused for thermal insulation where 
only radiant-heat losses exist. An example of this is the 
practice of wrapping galvanized hot air ducts with */32- 
inch-thick asbestos paper. The thin paper does little to 
reduce the exposed temperature of the pipe while increasing 
its emissivity from 25 per cent for galvanized sheet to 94 per 
cent for the asbestos paper. It is evident that increased 
heat losses could be expected from an application of this 
type. An investigation into the use of asbestos for insulating 
a nickel-plated bottom cover on a hot plate showed an in- 
crease in table-top temperatures under the cover of 50 F. 





Fig. 5. Selective coating is added to broiler-griddle on left 
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Fig. 6. High-emissivity paint is added to toaster thermostat 
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Aluminum foil, of course, would be the material to use in 
such an application. Inexpensive aluminum foil can be 
placed strategically in many instances to baffle radiant 
heat. It is also useful for eliminating “hot spot” problems. 
A radiant heat shield of this material placed behind the 
thermoplastic skirt of a fat-fryer knob prevented the part 
from reaching distortion temperatures and also conducted 
heat away from a “hot spot,” resulting in a fairly even heat 
distribution over a material particularly sensitive to temper- 
ature gradients. 


THERMOSTAT 


A SENSITIVE THERMOSTAT in one toaster application is 
designed to cycle the main heaters which, in effect, meters 
the amount of radiant heat reaching the bread. This 
thermostat, shown in Fig. 6, must sense and correct for 
changes in ambient temperatures caused by successive 
toastings and changes in line voltage. A high-emissivity 
black paint is used to make the bimetal immediately re- 
sponsive to such changes. That an emissive coating is ideal 
for such response to received radiations is obvious; a less 
obvious advantage is that the coating allows the thermostat 
to rid itself of stored heat by radiation and to ready itself for 
the next toasting cycle after one operation is complete. 
Emissive coatings can be very effective where the mass of a 
thermostat causes an initial heat lag in the bimetal and 
subsequent heat storage in the thermostat assembly causes 
it to cool more slowly than the areas to be controlled. 

Often it is advantageous to “fix”? the emissivity of the 
active members of a thermostat. Surface oxidation in 
addition to dirt film deposits on the surface of a bimetal 
may raise its emissivity and interfere with the intended 
operation. Such a condition was found to result from 
normal field service of a dryer safety thermostat. This 
thermostat was operating prematurely after a period of 
usage because of increases in emissivity due to operation 
in a heated moist atmosphere. Emissivities of the disc- 
type bimetals returned from the field were found to be 
considerably higher than installed values. Factory applica- 
tion of a coating whose emissivity exceeded that of the field 
samples was found to be a satisfactory solution. In this 
manner, an emissivity was provided that would not change 
in field service. Aluminum paint being quite impervious 
to atmospheric conditions was also found to be a satisfactory 
coating for this bimetal. 


FINISHES 


HEAT-SELECTIVE FINISHES provide the designer with an 
opportunity to use whatever base material lends itself best 
to fabrication and at the same time to select a reflecting or 
absorbing surface. The use of such finishes may also add 
to the economy of a design, as an inexpensive base material 
can be used, and painting costs are inherently low. Good 
heat reflectance is characteristic of the aluminum-pigmented 
paints, particularly of the epon varnish and silicone types, 
which will withstand temperatures exceeding 500 F. The 
per cent and type of both the aluminum pigment and the 
varnish resin determine the degree of reflectance of a finish. 
As a general rule, the flaky aluminum pigments combined 
with a low solid content vehicle provide the best reflecting 
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surfaces. Emissivities vary from 75 per cent for a paint 
using finely ground pigment and a high solids vehicle to 
25 per cent for a good leafing flaky pigment in a thin vehicle. 

Where efficient absorption or radiation of heat is desired, 
a number of finishes are very effective. The recent intro- 
duction of silicone resins provides the industry with a 
vehicle that may be combined with various fillers to provide 
for high emissivity at elevated temperatures. Mica powder 
added to a modified silicone varnish yields the highest emis- 
sivity of any finish tested over a period of 7 years. Leafing 
of the mica appears to add to the paint’s emissivity and also 
extends the life of the finish at high temperatures. Other 
excellent absorbing coatings are available in the inorganic 
high-temperature cements. Many of these cements will 
withstand temperatures higher than any occurring in the 
severest appliance application. A black pigment such as 
lamp or bone black may be added to these usually light- 
colored compounds to give an appearance which customers 
will associate with good heat absorption. The psychological 
effect of black coloring should not be overlooked even 
though its addition contributes nothing to the emissivity 
of the coating. Various graphite colloidal dispersions may 
be used also for absorbing finishes. Such finishes will with- 
stand abrasion and severe bending of the base material. 

Emissivities of various materials are tabulated in Table 
IV. Note particularly the increase in emissivity caused by 
coatings of oil on the surface of steel. The best reflectors 
may be adversely affected by oily surface deposits. A sand- 
wich grill that had performed well over an extensive period 
of manufacture suddenly failed to pass table-top tempera- 
ture tests. After much over analysis of a simple problem, 
it was found that an economy minded foreman had elim- 
inated a cleaning operation on the bottom cover after the 
part was fabricated on presses. A thin layer of oil deposited 
from the punch presses was again removed and the diffi- 
culty disappeared. Condensation of moisture on a surface 
will increase its emissivity to a value over 90 per cent and 
can cause considerable difficulty also. While yielding 
a visibly shiny film, water with its emissivity of 96 per cent 
is one of the best absorbers known. 


CONCLUSIONS 


THE FOREGOING EXAMPLES are intended to point up the 


importance of emissivity in design considerations. It should 
not be construed, however, that this is a magical property 
that will provide a solution for all of the problems en- 
countered in appliance design. In the final analysis, a 
delicate balancing of conduction, convection, and radia- 
tion is necessary to efficient design. Emissivity does pro- 
vide a fertile field from which many design variations car. be 
attained. Proper attention to emissivity in the develop- 
ment of most appliance designs can result in increased 
efficiency, better thermal distribution, and improved per- 
formance. 
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Voltage Dip Caused by Arc-Furnace Loads 


Cc. CONCORDIA 


FELLOW AIEE 


STUDY WAS MADE recently to determine the mag- 

nitude of the angular swing produced in a synchronous 
condenser by sudden application of an arc-furnace load, 
and the effect of this swing on the magnitude of the voltage 
dip. 

In some arc-furnace installations, objectionable voltage 
dips have been reduced by use of a buffer-reactor and 
synchronous-condenser The synchronous 
condenser reduces the magnitude of the voltage dip, as 
caused for example by a secondary short circuit, by pro- 
viding a parallel impedance path so that a substantial part 
of the current is drawn from the synchronous condenser 
rather than from the system. To make the condenser more 
effective and economical, a buffer reactance is inserted 
often between the arc-furnace transformer bus and the 
system. This causes the system to take an even smaller 
share of the current. To reduce the reactance of the 
synchronous condenser, a capacitor has been inserted some- 
times in series with the condenser. In some cases when 
series Capacitors have been used, trouble has been experi- 
enced because of the gap across the capacitor arcing over 
on secondary short circuits just when the capacitor is needed 
to reduce the consequent voltage dip. This capacitor 
arc-over usually has been explainable on the basis of the 
normal transient voltage resulting from the short circuit. 
However, several questions which bring in the possibility of 
condenser swinging have been brought up in connection 
with some of these cases: 


combination. 


First, in a particular application, will the condenser swing 
increase the voltage dip? 

Second, there has existed the fear of possible condenser 
instability if the buffer reactance is increased too much. 

Third, it has been suggested that the transient series- 
capacitor voltage might itself be aggravated by condenser 
swings. 

Fourth, it has been suggested that some of the dis- 
turbances observed might have been caused by the con- 
denser temporarily going out of step. 


In order to throw some light on these questions, a simple 
system was set up on the General Electric Company’s 
differential analyzer and disturbed by application of second- 
ary short circuits. Resistance had to be included in the 
short circuit in order to produce any condenser torque, and 
thus any condenser swing. This secondary-fault resistance 
was varied over a wide range in order to produce the maxi- 
mum swing. Two conditions of condenser excitation were 
considered: the condenser was assumed to be operating 
initially with normal no-load field excitation, and then 
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Fig. 1. Voltage dip and condenser swing produced by sudden 
application of arc-furnace load. 


initially with zero field excitation (with unit terminal voltage 
in both cases) for each short-circuit applied. A condenser 
voltage regulator was assumed to be in operation in most 
cases. Two examples showing the condenser terminal 
voltage and rotor angle are shown in Fig. 1. 


CONCLUSIONS 


1. The condenser swing did not increase the voltage 
dip appreciably. To the contrary, the voltage dip cal- 
culated with zero secondary resistance (and no condenser 
swing) was greater always than that produced by any 
finite value of secondary resistance, including that value 
which resulted in the maximum condenser swing. 

2. The possibility of condenser instability seems remote 
if the criterion of conclusion 3 is observed. The buffer 
reactance was increased to a value such that the total system 
reactance, viewed from the arc furnace and excluding the 
condenser, was 50 per cent on the arc-furnace kva base. 
Even this high value did not show any signs of instability. 
Thus, the buffer reactance can very probably be consider- 
ably increased beyond values which have been used, as long 
as the condenser has sufficient capability to maintain voltage 
in the steady state. 

3. A conservative criterion for stable operation, as 
far as disturbances arising at the arc furnace are concerned, 
is that the buffer (and system) reactance be kept smaller 
than the effective reactance of the arc-furnace transformer 
and secondary leads. This criterion is seen to be independ- 
ent of the condenser reactances. 
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A Simplified Mathematical Approach 
to Hysteresis Losses 


H. L. ARMSTRONG 


ONSIDER a magnetic medium which has a B-H 
‘9 characteristic such as that shown as the solid-line 

curve in Fig. 1 and let H vary with time cosinusoid- 
ally, as follows: 


H =H, cos wt (1) 


Then the most general representation of B which neglects 
harmonics is 


B=Bo, cos wt+ Boe sin w; (2) 


Equations 1 and 2 will still be true if they are multiplied 

by j, and wt is replaced by wt—2/2. This gives 

jH=iHg sin ot (3) 

and 

jB=jBo. sin wt —1Bo2 cos wt 

Adding equation 1 to 3, and equation 2 to 4 

(1+1)H =Hp (cos wt+) sin wt) = Hoe’! 

and 

(1+ ;)B=(Bo—jBor)e (6) 
With the usual definition of u, the permeability, 

u=B/H=(Bou—jBo2)/Ho=ui—jue (7) 


Equations 1 and 2 define, in general, an ellipse in the 
B-H plane. Thus, the theory developed here amounts to 
approximating the hysteresis loop by an ellipse, the features 
resulting from harmonics, i.e., from nonlinearity, being 
neglected. Such an elliptical approximation is shown as 
the dashed curve in Fig. 1. 


Since B=pH=(u1—ju2)H 
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Fig. 1. B-H curves show- 
ing an elliptical approxi- 
mation toa hysteresis loop 
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in this approximation, B lags H by an angle y given by 
v=tan'pe/p1 (8) 
and absolute or rms values are related by 

B\ =(w2+n:)'/|H| (9) 


On the other hand, the quantities y and |B/H| might be 
measured; then yw; and pe could be calculated and would 
give the elliptical approximation to the hysteresis loop. 

This method also deals approximately with the hysteresis 
loss in a magnetic structure. Consider a magnetic core of 
cross sectional area A, mean flux path length X, and per- 
meability 4=i—jue2, with a winding of n turns. If a cur- 
rent J flows in the winding, there will be a field H=nI/d 
and a total flux ¢=nyJA/d. At an angular frequency w 
there will be an induced emf given by E=jw@=jwnulA/X. 
Since E=jwJL, where L is the inductance, this corresponds 
to a complex inductance L= L,—jL2= (u1—jue)n?A/X. 

Moreover, if a current J flows, there will be a power loss 
W given by the real part of EJ, so that 


W = Lol? = wyon*Al*/d (10) 


Since pnl/\=B, this gives waoan( Se (11) 


wet? 

Here the rms value of B is used. The peak value, B,,,, 
could be used instead, if a numerical factor of 1/2 is in- 
cluded. Equation 11 shows W to be proportional to the 
square of B,,,,. It is often considered that the loss varies 
approximately as the 1.6 power of Buax, although for some 
materials this value is inaccurate. In any event, the ex- 
pression developed by the elliptical approximation often 
gives substantially accurate results over a wide range. 

In this approximation, because of the effects of hysteresis, 
as indicated by the angle y, J and E are not exactly 90° 
out of phase, even if resistance in the winding is neglected. 
This may be of interest in such problems as transformer cores 
with hysteresis, indicating phase shifts in the transformer 
due only to the hysteresis. 

In conclusion, it has been shown that, to such an extent 
as harmonics may be neglected, the phenomenon of hys- 
teresis in steady-stage alternating magnetic circuits may 
be handled by replacing the hysteresis loop by an ellipse. 
Then calculations can be made with complex numbers, ex- 
actly as in alternating electric circuit theory. This method 
might also be useful in dealing with hysteresis in nonlinear 
capacitors; or in mechanical systems, with backlash, which 
is a form of hysteresis. 
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Insulation Systems for Dry-Type Transformers 


PAUL NARBUT 


MEMBER AIEE 


HIS DIGEST deals with the experimental application 

of functional test principles to the evaluation of tem- 
perature endurance of dry-type power transformers. The 
object of the tests described was not to test any specific 
design of dry-type transformers; rather, it was to 
give a trial run to a test procedure which was under 
consideration as a Test Code by a subgroup of the 
AIEE Working Group on Life of Materials. These, 
and similar tests made by four transformer manufacturers, 
along with a background of field ,experience, were used in 
formulating the “Proposed Test Code for Functional 
Temperature Endurance Tests of Ventilated Dry-Type 
Power and Distribution Transformers.”’ 

In accordance with the provisions of this proposed Test 
Code, 12 test models were built, functionally representing 
15-kv class ventilated dry-type power transformers, con- 
structed with class B materials. The objects of the tests 
made on these models were to: (1) test the provisions of the 
Test Code; (2) determine if the inclusion of a shock test 
into the test routine will affect the results; (3) determine if 
power-factor variation with insulation aging may be used 
to indicate insulation failure; and (4) determine if the Test 
Code procedure is adequate to detect differences in the 
materials used in the models. 

As a result of preliminary tests on four models, certain 
modifications in the Test Code were made. With these 
modifications, and substantially in its present form, the 
Test Code was applied to the remaining eight models. 
Test procedure consisted of the following operations re- 
peated in a cyclic manner: (1) temperature exposure, 
carried out by circulating electric current in the windings of 
the models for 3 days at 260 C in the hottest spot; (2) 
cooling, and dielectric tests in dry condition, using the 


following rms values of alternating voltage applied for 1: 


minute: high-voltage winding, to low-voltage winding and 
ground—31 kv; section to section of high-voltage winding— 
7 kv; turn to turn of high-voltage winding—800 volts; and 
layer to layer of low-voltage winding (600-volt service)— 
1,200 volts; (3) exposure to an atmosphere of 90 to 95 per 
cent relative humidity for 24 hours; and (4) dielectric 
tests, as already indicated, and power-factor measurements 
in humid condition. 

The aging temperature was selected deliberately to be 
higher than that recommended by the proposed Test Code 
in order to reduce the time required to produce failures, 
which was consistent with the rough and preliminary nature 
of these tests. It was expected that the average time to fail- 
ure would be about two test cycles. 

The tests were carried through seven cycles; the follow- 
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ing is a summary of results: (1) There were no failures of 
the section-to-section, or the layer insulation. (2) Failures of 
major high-voltage insulation occurred after the fifth heat 
exposure, under humid conditions on two of the models, 
subjected to the shock test; identical models not subjected 
to shock continue without failure after the seventh heat and 
humidity exposure; likewise, models constructed of differ- 
ent materials, although subjected to shock, continue with- 
out failure after the seventh heat and humidity. (3) Fail- 
ures of turn insulation (800-volt rms) occurred after the 
second, third, and fourth heat and humidity exposures on 
models subjected to shock; on the two models not subjected 
to shock, one failed after the second heat and humidity, 
but the other continues without failure after the seventh 
heat exposure; there are indications that some of the earlier 
failures of the turn insulation may have been caused by a 
runaway humidity condition. (4) No significant relation- 
ship was found between power-factor variation with aging 
and the failure on dielectric test; greatest change in the 
power factor was noted for layer insulation in the low-volt- 
age winding where, actually, no dielectric failures occurred ; 
on turn insulation, the power factor showed no significant 
change after the second heat and humidity exposures; at 
the same time, it was found that even on unaged models, 
power factor is greatly affected by the duration of humidity 
exposure. (5) Experience gained in carrying out these 
tests shows that the test procedure specified in the Code 
is practical from the point of view of laboratory technique; 
furthermore, it was found that with proper technique, the 
models used in these tests gave a good representation of the 
temperature distribution which is obtained in full-size dry- 
type transformers. 


CONCLUSIONS 


1. The results show that the test procedure given in the 
Test Code is practical. 

2. Observed life of the test samples (15-kv class models, 
class B insulating materials) agreed with the expected life 
of Group II apparatus well within the limits of the accuracy 
of tests. 

3. Based on the test data available to date, the test 
procedure given in the Code appears capable of clear 
differentiation insulation structures built of 
different materials. 

4. Tests show that mechanical shock may be an im- 
portant factor in determining the life of dry-type trans- 
formers. 

5. To establish this Test Code as an industry Standard, 
additional tests are required on a sufficiently large number 
of samples to permit statistical analysis of the data. The 
tests should include at least ten samples, aged at each of 
three different temperatures. The results of these tests 
must be correlated with available field experience. 


between 
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Reliability in 


Complex Electronic Equipment 


G. H. SCHEER 


As equipment becomes increasingly complex, 
component reliability becomes more vital. A 
statistical study of operational failures of various 
types of electronic components and ways of 
reducing these failures are presented. Methods 
for minimizing maintenance problems through 
the use of plug-in subassemblies are also 
discussed. 


ODAY’S MILITARY AIRCRAFT are highly com- 
Bernat mechanisms. Every attempt is made to 

relieve the pilot and crew members of tasks which 
can be done by a machine. This practice, although ad- 
vantageous, requires the use of more and more intricate 
mechanisms. As their complexity increases, the problem 
of reliability becomes more acute. In order to limit the 
scope of this paper, only electronic equipment and air- 
borne communications applications will be considered. 

In recent years, the advances and refinements in com- 
munications equipments have been remarkable. For ex- 
ample, one such equipment provides 44,000 crystal-con- 
trolled frequencies using only 10 built-in quartz crystals 
which are never changed. This refinement has saved the 
cost of tens of millions of quartz crystals which would have 
otherwise been required for world-wide military operations. 
This particular equipment finds the frequency desired and 
even automatically tunes and loads the antenna. These 
automatic features have resulted in simplified operation, 
but also have resulted in the need for extremely complicated 
circuitry. 

The current trend in airplane design is toward smaller 
airplanes, with more equipment in them. Subminiaturiza- 
tion has thus become a requisite. Past experience showed 
that complexity combined with all of the new techniques 


NUMBER OF FAILURES 














OPERATING TIME 


Fig. 1. Incidence of failures as a function of operating time 
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of subminiaturization presented some severe problems. 
These problems were aggravated by the fact that many more 
component parts were used than in previous equipments. 

When the complex equipment reached the field, the time 
interval between airborne failures was low, necessitating fre- 
quent maintenance and resulting in mission failures. This 
was of great concern, since communications are vital to the 
success of any mission and safe return of the aircraft to its base. 
The Air Force and contractor entered into a concerted pro- 
gram to discover the source of unreliability and to effect the 
changes necessary to correct the condition. 

It was found that the problem was not concerned with the 
basic electrical design of the equipment. Instead, the high 
failure rate was caused by failure of individual component 
parts. Every field and factory failure was carefully ana- 
lyzed, and eventually a pattern of failures was developed 
which made corrective action possible. 

The Rand formula will serve to illustrate the magnitude 
of the reliability problem. It is admittedly arbitrary and 
probably pessimistic, but it certainly indicates the right 
order of magnitude. Since absolute perfection is an im- 
possibility, it must be assumed that some number of equip- 
ment will always exhibit early life failure. For purposes of 
the formula only, one equipment of every 100 will be 
assumed to exhibit early life failure. The equipment in 
question had very close to 2,000 active component parts em- 
ployed in series. Then: (1-0.99)/2,000 = 0.000005. In- 
terpreted, the result states that each individual component 
part used must have a failure rate not to exceed five per 
million units. Component parts, particularly the new sub- 
miniatures, were not manufactured to such a standard. 

Subminiature component parts, including vacuum tubes, 
were very new to the art, and many had been designed for 
the specific electronic equipment in question. These com- 
ponents had not had the benefits of product improvement 
which normally is a gradual process requiring years of re- 
finement, production in quantity, and manufacturing skill. 
But airplanes had been configured around the new smaller 
equipments, their automaticity was a definite requirement, 
and the time-consuming evolutionary process of improve- 
ment could not be tolerated. 

It was immediately obvious that JAN specifications, 
written to minimum requirements to permit manufacture 
by many sources, were inadequate for the more complex 
equipments. Superior components were needed quickly, 
and they were needed in novel subminiature forms. 
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THE ENSUING TASK of building high reliability into the 
complex communications equipments was one of tremen- 
dous detail and proportions. To start with, each and every 
failure was painstakingly analyzed as to cause. Failure 
patterns became evident, making it possible for the offend- 
ing components to be classified accurately as to kind and 
type. In a few instances, component failure was caused by 
other components in the circuits. Every possibility was 
critically examined. In some cases, the component part 
required complete redesign; in other cases, a new design 
was obtained from a new source. Occasionally it was 
found that emphasis on quality control was sufficient to 
bring about the necessary corrections. 

Sampling procedures were abandoned, and 100 per cent 
inspection was instituted not only at the part vendor’s plant, 
but also at the equipment manufacturer’s incoming inspec- 
tion. Sampling was subsequently allowed only after the 
consistent quality of the component part was established be- 
yond a doubt. 


DESCRIPTION OF FAILURES 


STRANGELY ENOUGH, many of the faults discovered were 
quite fundamental and would never have occurred if 
adequate life tests had been performed initially. Sealed 
relays performed poorly. In one case, it was found that a 
volatile hydrocarbon had been used as a coil impregnant, 
and vapors were given off which could not escape. Spark- 
ing at the contacts caused freecarbon to deposit, and soon 
the electrical contact was erratic. ‘The solution was simple, 
but a little foresight would have prevented such a design. 
Sealed relays are still a problem, principally because once 
sealed, there is no access to the elements. ‘Thus, absolute 
cleanliness is a necessity. 

High-K ceramic capacitors exhibited two types of faults, 
both corrected through better quality control. First, the 
silver coating was not applied symmetrically. Because of 
this, the plating came dangerously near the edge of the 
capacitor. Second, the outer edges of the silver were often 
ragged, resulting in possible corona and electrical stresses, 
which caused gradual deterioration of the capacitor. 

In the case of tantalum capacitors, the acid seal de- 
teriorated purely as a time function. No amount of testing 
for quality could uncover any obvious corrective measures. 

As a component part, subminiature vacuum tubes were 
in a special category. Unfortunately, the model tubes 
were phenomenally reliable, and it was anticipated that 
they would be even better when produced in quantity. 
This assumption was not true, however, and special treat- 
ment was required. In some cases, mechanical redesign 
was necessary; in other cases, specification limits on the 
parameters were tightened, and testing procedures were 
altered. Heater thermal shock tests were amplified. New 
specifications were prepared and became effective in 
October 1954. Since the military services are almost ex- 
clusively the sole users, tubes are not manufactured to any 
but the new specifications. 

As a result of a major carefully controlled field evaluation 
of equipments built from improved components, the relia- 
bility of the new components under actual operational con- 
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Fig. 2. Subminiature plug-in oscillator showing printed wiring 


ditions can be examined. The one factor which is missing 
is the actual population of each component in the equip- 
ments. Also, components are not broken down by kinds 
and classes. Even without these voluminous data some con- 
clusions can be drawn from the statistics based on 79 in- 
dividual failures which occurred in about 2,800 hours of 
airborne operation of 33 equipments. The figures in Table 
I show the areas which require more improvement in order 
to improve reliability. 


Table I. Summary of Component Failures 





Type of Component Number of Failures 


Vacuum Tubes (All Types)... .. 
Relays: Sealed..... 
Unsealed. . 
Tantalum..... 
Paper.... 
Vacuum,...... 
Stepping... .. 
a ae 


~ 
wi 


¥ 


Capacitors: 
Switches: 


Aneroid...... ; 
Resistors: Variable Wire-Wound....... 
Filters: GRIN 465453 seeuk< 
Miscellaneous: Plugs....... 
Solenoids. . . 
Clutches... .. 


~ 
ef ne cn en te Gp 00: wo mt mo 9 Oo ot 





There were 93 vacuum tubes per equipment system, of 
which 67 were of the subminiature type. Among other com- 
ponents, the greatest population per equipment consisted of 
capacitors, resistors, and relays, the first two being of highest 
incidence. It is noteworthy that resistors made a good 
showing in reliability. With the exception of the subminia- 
ture tubes which had not been improved when field testing 
of the equipments began, these results are with improved 
components, indicating that the job is far from finished. 


LIFE TESTING 


Ir was osvious from the start of the program that 
quality could not be “tested’”’ into components or equip- 
ment; it had to be inherent, and the finished product could 
be no better than its most unreliable component part. Test- 
ing did serve one very useful purpose, however. Some 
component parts, such as vacuum tubes, often show the 
highest failure rate in very early life. If they are operated 
for a considerable period of time before the customer gets 
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Fig. 3. 


the equipment, the reliability of this equipment is actually 
increased because most of this type of weakness is culled out 
during factory testing. Fig. 1 gives a rough approxima- 
tion of incidence of failures vs operating time of the equip- 
ment. Most failures occur in early equipment life, up to 
point A on the curve. Then comes a period of low failure 
rate and highest reliability, with minimum maintenance re- 
This 
plateau is variable in length and height for different types 
It is quite obvious that the ultimate 
customer should not get the equipment until point A is 


quired. Failures here are purely random in nature. 


of equipment. 
reached in its life span. As the produced equipments be- 
come more reliable, point A moves to the left and down- 
ward, and less factory testing is necessary to cull out early 
life failures. At point B on the curve, the reliability again 
decreases as the components begin to wear out, and at some 
point beyond B, depending again upon the type of equip- 
Either 
the worn-out parts should be replaced or the whole equip- 


ment, further maintenance becomes uneconomical. 
ment discarded. This is analogous to the point reached 
with an old car when trade-in is being considered. 

The solid-line curve represents the life characteristic of an 
equipment utilizing improved component parts with good 
life characteristics. The dashed curve represents an equip- 
It is 
seen that a plateau region is never attained; the equipment 


ment made from poorer quality component parts. 


cannot be satisfactorily ““debugged’”? by any amount of 
factory testing. 

On the complex electronic equipment with 2,000 com- 
ponent parts, it was necessary that the factory test time be 
about 200 hours on each equipment before point A on its 
life curve was reached. The first portion of this test time 
is a shakedown test, an innovation with this equipment. 
It consists of operating the equipment for 48 hours without 
shockmounts, while mounted on a brute-force shake table 
and vibrated for a period of 10 minutes every hour. _ Inter- 
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AN/ARC-34 receiver-transmitter with subassemblies patched 


mittent or complete failures are immediately apparent 
through instrumentation and listening tests. In a repre- 
sentative number of equipments, 49.2 per cent of the 
factory failures occurred during this test, attesting to its 
usefulness. The next test is a final check during which 
adjustments are made to obtain specification performance. 
The time involved is approximately 18 hours. Of the 
factory failures, 11.1 per cent occurred in this operation. 
The systems test takes about three hours. In this period, 
15.9 per cent of the failures occurred. Another half hour 
of operation is required in quality control testing, in which 
6.4 per cent of the factory failures were found. The cold 
test, in which 7.9 per cent of the total factory failures oc- 
curred, involves about an hour of operation. The last and 
longest test is the 125-hour life test. Only 9.5 per cent of 
the factory failures occurred here, even though this test 
represents over one half of the total factory test time. ‘These 
results indicate that most of the early life failures had al- 
ready taken place and the weak components removed before 
this point. 

It is quite obvious that the 48-hour shakedown test, with 
vibration, is very valuable in precipitating early life failures, 
particularly those caused by poor workmanship, such as 
cold or unsoldered joints, weak mechanical structures, etc. 
When testing does not result in significant failures, the test- 
ing time may be reduced, since point A on the curve has 
been reached. The previously mentioned 125-hour life 
test has been reduced to 96 hours, and may be further re- 
duced as the failure rate is reduced. 


REMEDIES 


PRIMARILY, quality control must be increased above 
prevailing standards in industry. Sampling procedures 
cannot be employed to replace 100 per cent parts inspection 
until the quality level is consistently excellent. More rigid 
inspection is required at more points during the manu- 
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facturing processes. Poor workmanship is a perennial 
problem and its elimination requires continued drastic 
action. When automation becomes more widespread, this 
problem may be solved. ‘Test procedures must be revised 
and augmented, with long testing periods on each and every 
complete equipment until the failure rate in any one test is 
insignificant. 

At this point the matter of maintainability will be intro- 
duced since it is very much involved with reliability. In 
some respects one offsets the other. While complexity was 
being added to the equipment to make the pilot’s job easier, 
it could well have been that the job of the maintenance man 
was being made insurmountable at the same time. For- 
tunately, this situation has been avoided in the design of 
complex equipments. The result is that the more complex 
equipments are easier to maintain, at the two lower main- 
tenance echelons, than previous, less complicated equip- 
ments. 


DESIGN CONCEPTS 


FIRST, THE EQUIPMENTS were constructed from a number 
of separate subassemblies or independent packages. One 
such subassembly is shown in Fig. 2. Each particular sub- 
assembly was interchangeable mechanically and electrically 
with any like subassembly. Second, each was provided 
with one or more test sockets, accessible without disturbing 
any subassembly. By using a simple multimeter with a 
tapped switch for selecting the important circuit voltages 
and currents on a “go, no-go’ basis, a defective sub- 
assembly could be isolated very quickly. In order to 
remedy the fault, it was necessary only to replace the one 
defective subassembly with a good spare unit. The faulty 
subassembly could be repaired later and at a different 
geographical location, if desired. The use of patched 
subassemblies is illustrated in Fig. 3. 

These two design concepts have proven their worth be- 
yond a doubt, and have permitted an entirely new idea in 
military equipment maintenance procedures. Heretofore, 
every echelon of maintenance was permitted to do any and 
all maintenance within its maximum capability. This 
meant, among other factors, that spare component parts 
had to be stocked at every echelon and at every air base; 


Installation of a 5,250-reactive-kilovolt-ampere (kvar) 
capacitor bank that utilizes the voltage-divider-switching 
method was completed recently by Public Service Company 
of Oklahoma. Designed by Line Material Company, Mil- 
waukee, Wis., the bank operates at 66.5 kv, has two steps, 
3,000/2,250 kvar, respectively, with 5 series groups per step. 

The first step acts as a voltage divider; voltage levels are 
established for each series group, and the potential gradient 
increases with each successive group. Because the oil 
breakers and switches operate individually and at slightly 
different instants the incremental change in capacitance 
minimizes system disturbance. 
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it also meant that procedures between bases would be 
different, since each would have a different maximum 
capability. Under the new concept, the lowest echelon, at 
the airplane, changes only complete black boxes. In this 
same geographical area, the second echelon trouble shoots 
on a “go, no-go” basis and replaces complete subassemblies. 
Thus, the equipment goes back into the airplane in a very 
minimum of time, a factor of paramount importance in 
military operations. 

Detailed repairs, requiring the highest skill levels, are 
performed only at the third echelon, the depot. Complete 
subassemblies are bought as spare packages. Bits and 
pieces are needed only at the depot level. 


CONCLUSION 


As A RESULT of the evaluation programs, it was deter- 
mined that complex equipments, using the new design con- 
cepts, and made adequately reliable through better com- 
ponent parts, are satisfactory for the military services. 

It was stated previously that superior component parts are 
most essential. These better grade components must be 
standardized in some manner, perhaps as a special grade 
under JAN specifications. So much work has been done 
and still needs to be done to improve subminiature com- 
ponent parts that industry should avail itself of this pioneer 
work and carry on the improvement program. ‘The causes 
for unreliability are no longer mysteries. 

Application of the factors affecting reliability has in- 
creased the reliability of one of our complex equipments 
more than thirtyfold, and this was actually done in a period 
of about three months, indicating what can be done in this 
line of endeavor. The areas of unreliability have been 
described rather briefly in this paper. Of most importance 
is the maintaining of a suspicious attitude; there must not 
be any signs of complacency. The least sign of trouble 
must be thoroughly investigated. Relaxations in testing 
time should always be on a cautious basis. 

Now that the basic answers to reliability are known, and 
it has been proved that com»lexity and maintainability can 
be made compatible, it is hoped the day is not too far distant 
when most equipment can be installed and forgotten for at 
least 2,000 hours of uninterrupted operation. 
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Computer for Automatizing Network Analyzers 


A. KUSKO 
MEMBER AIEE 


HE RECENT ACTIVITY AND INTEREST in the 

development of computer methods for speeding up the 
solution of power-system transient-stability problems has 
prompted the reporting of some work done to accomplish 
this task on the Massachusetts Institute of Technology 
(MIT) Network Analyzer. 

The solution of a power-system transient-stability prob- 
lem requires the determination, of the rotor position of each 
synchronous machine in the system as a function of time 
following the initiating disturbance. In steady state, the 
rotors run at synchronous speed and therefore are displaced 
from each other and from a synchronously rotating reference 
by fixed electrical angles. A fault or other disturbance in 
the system results in changes in rotor speeds and angular 
positions; these changes are of interest since synchronism 
will be lost if the angular displacement between rotors 
becomes too large. 

The change in the rotor angle of a given synchronous 
machine, following a disturbance, is for practical purposes 
proportional to the double integral with respect to time of 
the difference between the mechanical power supplied to 
the machine by its prime mover and the electric power 
delivered by the machine to the system. The electric 
power delivered to the system is a function of the rotor 
angles of all the machines in the system, the driving-point 
impedance, and the transfer impedances between the ma- 
chine under consideration and all the other machines in the 
system. The differential equations describing the rotor 
angles are such, that a mathematical solution in closed form 
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exists only in exceptional cases. Hence, nearly all multi- 
machine transient-stability problems are solved on network 
analyzers using the step-by-step method with its tediousness 
and accumulated inaccuracies. 

Fig. 1 is the block diagram of an experimental computer 
unit built to operate in conjunction with the MIT Network 
Analyzer. This unit positions one phase shifter of the 
network analyzer, in accordance with the solution of the 
power-system electromechanical differential equations. 
For a complete installation, one such unit would be re- 
quired for each phase shifter used in the power-system 
representation. 

The computer solves the mechanical part of the electro- 
mechanical differential equation by utilizing power-flow 
data obtained from the network-analyzer representation. 
The necessary integrations are performed by the watt-hour 
meters, while the voltage regulator corrects for the internal 
impedance drop of the phase shifter and the backlash of 
the gear train driving the phase-shifter rotor. The magni- 
tude of the voltage E, representing the internal voltage 
of the machine, is thus held constant, while its phase angle 
is maintained equal to the computed angle 6. 

Part of the computer unit can be used as a power regu- 
lator for controlling the phase-shifter power output during 
steady-state power-flow studies. 

Two sample problems were solved with the experimental 
computer unit. The first was the prediction of the power- 
angle excursion of a synchronous machine suddenly con- 
nected out-of-phase to an infinite bus. For certain initial 
conditions, there is a mathematical solution in the form of 
tabulated eliptical integrals. After 1 hour of computer 
operation, corresponding to 6 seconds of system time, the 
amplitude of the machine oscillation as given by the com- 
puter differed by less than 12 per cent from that obtained 
from the mathematical equation. 
Some errors can be eliminated. 
The second problem was the cal- 
culation of the power-angle tran- 
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Block diagram of the experimental computer unit 


units would serve as power and 
voltage regulators for the phase 
shifters when the analyzer is used 
for steady-state studies. 
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‘Temperature Rise of Armature Windings 


M. M. LIWSCHITZ-GARIK 
FELLOW AIEE 


N THE BASIS of Fourier’s equation of heat flow, 

equations are derived for the temperature-rise 
distribution along the armature winding and the iron. 
These latter equations make possible the investigation 
of the influence of various factors on this temperature 
rise. They also make possible the computation of the 
heat flow between embedded copper and end-winding 
copper, between copper and iron, and between copper 
and iron and the cooling medium. 

The influence of the following factors on the temperature 
rise of the armature winding and iron, and on the heat 
flow, is investigated for a typical waterwheel generator 
rated 35,000 kva, 3 phases, 60 cycles, 64 poles, 13,200 
volts, and 0.9 power factor: 


1. Air volume through the radial vents. 
Air volume through the end windings. 
Voids in the slot portion (embedded part) of the 
winding. 
Thickness of the insulation in the slot and end 
winding. 
Transverse (axial) heat conductivity of the lamina- 
tions. 

6. Copper losses. 

7. Iron losses. 


The results of the investigation for items 1 and 2 are 
shown in Fig. 1 and Tables I and II. Fig. 1 shows, as 
a function of the air volume in the radial vents, the 
temperature rises of the winding in the middle of the core 
and in the middle of the end winding, the temperature rise 
of the iron in the middle of the core, the errors in the 
reading of the resistance temperature detector (RTD), 
and the readings of the RTD. It is seen that a reduction 
of the air volume through the radial vents causes a con- 
siderable increase of the temperature rise of the winding 
in the middle of the core. The RTD readings lie about 
10 C below the actual temperature rises of the winding. 

Table I shows the heat flow from the embedded part of 


Fig. 1. Influence 
of the air volume 
in the radial vents 
on the tempera- 
ture rise of the 
winding and iron 
in the middle of 
the core and on the 
error and reading 
of the RTD 
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Table I, Influence of the Air Volume in the Radial Vents on the 
Heat Flow from the Embedded Part of the Copper to the Iron, 
to Air in Gap and Vents, and to End Winding 





Per Cent Per Cent Per Cent 





Table ll. Influence of the Air Volume Between the End Windings 
on the Heat Flow from the Embedded Part of the Copper to the 
Iron, to Air in Gap and Vents, and to End Winding 





Per Cent Per Cent Per Cent 
Air volume between the end windings........ : 5 30 
70.5 
‘ ues ? 7.9 
a4 : ‘ : 27.7 
Qeu—end winding: - -- ‘ ; ‘ 5 . » Gee 





the stator winding to the iron (Q.y_r,), to the gap through 
the wedges (Q.u_,), to the air in the radial vents (Q.u_.), 
and to the end winding (Qou-ena winding). It is seen that 
a reduction of the air volume through the radial vents 
reduces the amount of heat flowing from the embedded 
copper to the iron and to the air in the radial vents, but 
increases the amount of heat dissipated by the end winding 
and the air in the gap. 

It has been found that a reduction of the air volume 
between the end windings influences little the tempera- 
ture rise of the winding in the middle of the core, but in- 
fluences considerably the temperature rise of the end wind- 
ing. A large reduction of this air volume may move the 
hot spot from the middle of the core to the middle of the 
end winding. 

Table II shows the same quantities as in Table I. A 
decrease of the air volume between the end windings 
forces more heat to flow from the embedded part of the 
winding to the iron and to the air in the vents and gap, 
and less heat to flow to the end winding. 
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Load-Phase and Load-Phase Tie-Line 
Energy Control of Power Systems 


FRANCOIS CAHEN 
MEMBER AIEE 


This control process, as originated by French 
engineers, is adaptable to use on a single system 
or on several interconnecting systems. The 
author describes the principle and gives ex- 
amples of this automatic control based on the 
measurement of the integral of the deviation of 
the controlled quantity and upon the subjection 
to this integral of the load of the plants. 


and load-phase tie-line energy control applies to the 
automatic frequency control of an important isolated 
system, as well as to the simultaneous control of the fre- 
quency common to several interconnected systems and of the 
The main objects are: 


Tw PROPOSED METHOD for load-phase control 


power transfers between the latter. 


1. To reduce the regulation stress of the power plants 
subjected to the automatic control, through the simul- 
taneous operation of more regulating power plants. 

2. To reduce the power fluctuations caused by the 
control in the transmission lines of an extensive system, 
by uniform distribution of the regulating power plants. 

3. To decentralize the control by putting it in charge of 
several regulators scattered over the system so as to reduce, 
in an extensive system, the development of telemetering 
and remote-control links required by a control operated 
from a single central regulator. 


The proposed method is based upon the following general 
principle: The difference between the quantity to be 
controlled and its reference value is integrated in relation 
to time; when this difference tends toward zero, its integral 


























Fig. 1. Basic dia- 
gram of a load- 
phase tie-line 
energy integrator 
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tends toward a constant value; this value constitutes a 
parameter to which is subjected the power of each regulat- 
ing machine. 


FIRST EXAMPLE 


IT IS DESIRED to control the frequency f of an important 
isolated system; f, stands for its reference value. The 
difference (f — f,) is integrated in relation to time; ¢, 
stands for the value of this integral at the instant ¢, arbi- 
trarily chosen as reference, ¢ for its effective value at an 
instant ¢; the integral 


(e—)= fi, (f—foldt 


constitutes the control parameter. This parameter is an 
arc or, if preferred, a phase (hence the name of the method). 
It is expressed for instance in radians or, better still, in 
multiples of 2 # radians; the phase unit is then the rev- 
olution (1 revolution = 2 7 radians). 

If p, stands for the mean power of a machine within its 
regulating band, and # for its effective power, the control 
law of the subjection of its power to the control parameter, 
i.e., to the phase difference, is written 


(p—fo)+al¢e—¢)=0 
or in an abridged form 
Apt+adg=0 


In this equation if Ag is expressed in revolutions, Ap 
in megawatts, a in megawatts per revolution, it charac- 
terizes the slope of the subjection characteristic of the 
machine. 


SECOND EXAMPLE 


IN THE CASE of several interconnected systems, it is desired 
to control simultaneously the frequency common to all the 
systems and the total power transferred between each one of 
them and its neighbors. It is desired to apply to this effect 
the conventional frequency control with tie-line load bias 
method; the latter is represented for one system by the 
equation 
apt Se 

r 
in which P, is the transfer program with the neighboring 
systems; P, is the power effectively transferred to and 
from the neighboring systems; \ characterizes the control 
slope. Thus, P, and P, being calculated in megawatts, 
\ is expressed in megawatts per cycle. 

To apply the proposed method to this sort of control, 
the control error is integrated in relation of time; if y, 
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is the value of this integral at the reference instant ¢,, and 
¥ its effective value at an instant ¢, the control parameter is 
constituted by the integral 


(P;—P,) 
w-v)=f | Uf X a a 


This parameter may be written 


(Wi- W,) 
(¥—¥o) =(¢—¢0) +— “a 


where W, stands for the energy which should haye been 
transferred by the interconnection during the period 
(¢ — t,), and W for the energy which was effectively trans- 
ferred. 

The control parameter is an apparent phase difference 
equal to the sum of the actual phase difference (g — ¢,) 
and of a term of correction equal to the quotient by X of the 
difference of the transferred energy (W, — W,). 

The control law of the subjection of the power of a 
machine to the control parameter is then written 


(p—fo) +a(y—vo)=0 
or in an abridged form 
Ap+ady =0 


It has the same form as in the case of pure frequency 
control, but the apparent phase difference Ay replaces the 
actual phase difference Ag. 


CONTROL DEVICE 


Fic. 1 SHOWS THE BASIC DIAGRAM of an integrator used 
for production of the control parameter Ay; it includes 
essentially a frequency meter F measuring the frequency 
difference Af, an apparatus 7 measuring the difference 
AP, between the power transferred on the interconnection 
and the transfer program, and an organ J measuring and 
integrating the control error to produce a direct voltage 
proportional to the control parameter Ay. In the case of a 
pure frequency control the apparatus T is suppressed. 
It may also be located away from the integrator and linked 
with the latter by telemetering. 

Fig. 2 shows the basic diagram of a regulator utilized for 
the subjection of the power of a machine to the control 
parameter Ay. 

According to the size and structure of the system and to 
the geographical distribution of the power plants to be 
controlled, it is possible to utilize either a single central 
integrator, or several integrators, each of which may be 
used to control either a single power plant or a group of 
several power plants. 

When several independent integrators are utilized, their 
reference frequency must be very accurate and stable 
(so for this, a frequency generator governed by a crystal 
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Fig. 2. Basic diagram of a 
regulator subjecting the out- 
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oscillator whose accuracy is better than 2.10~* is used). 

When the system is interconnected with several other 
systems, the transferred tie-line powers are telemetered to a 
central point; their sum P is compared with the transfer 
program P, by means of the device T of Fig. 1, and the 
difference value (P — P,) is telemetered to the central 
integrator or to the scattered integratdrs. 

The subjection of the powers of the regulating machines 
to the parameter Ay can be made according to the diagram 
of Fig. 2 by utilizing one controller per machine; the param- 
eter Ay must then be transmitted from the integrator to 
each of these individual controllers. The subjection can 
also be made either for each power plant or for a group 
of power plants. The first method, that of individual 
subjection, is the better as it leads to less developed tele- 
metering links and to the most simple equipment. 


TESTS AND UTILIZATION IN THE FRENCH SYSTEM 


THIS CONTROL PROCESS is particularly suitable for the 
French system which is operated as a single unit by Elec- 
tricite de France, which has a present peak load of 8,500 
megawatts. 

The equipment was designed, built, and experimented on 
in France. The tests were carried out on the load-phase 
control (equivalent to a pure frequency control) by means of 
a single integrator, then on two independent integrators. 
The next tests concerned the tie-line power and frequency 
control (equivalent to the conventional load-frequency 
control). For the first series of these tests, the French 
system was divided into two parts linked together by one or 
several 225-kv lines, each part being controlled by an 
integrator. On a second series, the whole of the French 
system controlled by two independent integrators was inter- 
connected by a 150-kv line to the Belgian system, itself 
controlled by an integrator. 

The tests carried out, considered as a whole, have shown 
that the control method yielded satisfactory results from the 
point of view both of the very quality of the control and of 
the load distribution among the regulating plants. From 
now on, this control method is being currently applied for 
the control of the French system with two independent 
integrators, one of them controlling the steam power plants 
of the Paris area, and the other, the main hydroelectric 
plants of the Massif Central. A third integrator will 
shortly be installed to control two great hydroelectric 
plants in the Alps. The powers transferred by the French 
system to and from other countries are or will be measured 
at the frontiers, then telemetered and totalized. 
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The Future of Power Transmission in the West 


H. D. HUNKINS 


ASSOCIATE MEMBER AIEE 





HE WEST having relied on hydroelectric resources to 

supply most of its electric energy will in several im- 
portant areas have to use thermal generation for a large 
portion of future needs. As an example, consider southwest 
California, which is the principal load concentration in an 
area including Arizona and southern Nevada. If long- 
time growth rates continue, a load of 12.5-million kw may 
develop by 1975, with only 3.1-million kw of ultimate 
hydro resources. With a total energy requirement of 71.2- 
billion kwhr and only 16.4-billion kwhr from hydro, 77 
per cent of the energy would have to be supplied by thermal 
generation. r 

Coal in eastern Utah offers an adequate supply of thermal 
fuel. Oil and natural gas now transported by pipe line 
may be limited for future generation by increasing cost and 
other demands. Generation from atomic, solar, tide, and 
wind resources require further development to be economi- 
cally competitive in sufficient quantities. 

Since transportation represents a large portion of coal 
cost, it appears desirable for the electrical industry to 
continue investigations comparing electric transmission 
with other means of transportation; rail hauling being the 
principal competitor in the case of western coal. 

Two coal freight rates exist between Utah and California, 
one for usage in California and a lower “export” rate for 
off-loading into ships. It appears that the export rate, 
$5.39 per ton in 1952, might be obtained for very large 
shipments. Using an even lower rate of $5.15 per ton for 
comparison with electric transmission gives a coal hauling 
cost of 2.19 mills per kwhr. 

However, two factors complicate the economic picture 
for hauling coal. First, the present export rate may not 
be in balance with respect to cost of new investments, 
remembering that freight rates are regulated by a com- 


plicated set of rules. Since 1940 construction costs for 
transmission lines and substations have doubled while coal 
freight rates only increased 36 per cent. Second, compared 
with an annual requirement for hauling 22.5-million tons, 
the railroads in 1949 had only sufficient rolling stock to 
move approximately 2-million tons annually. It would 
appear that extensive new railroad investment might 
change the relationship between construction costs and 
freight rates approaching that existing in 1940. If the 
1940 freight rate of $4.26 per ton were doubled, rail trans- 
port would cost about 3.57 mills per kwhr. 

Fig. 1 shows a schematic power-flow diagram for electric 
transmission. Only 4.2-million kw, 45 per cent of the 
thermal generation required, is transmitted electrically 
with the balance, 5.2-million kw, located in the load area. 

The sending-end system might consist of several power 
plants connected to a central switching station. The six 
transmission lines were each composed of two 330-mile 
sections of 500-kv duplex-conductor lines. This voltage 
was selected without detailed studies. It appears likely 
that 500 kv will become feasible, and individual line cap- 
ability appears reasonable compared with total area load 
and annual load growth. The single compensating and 
switching station in the center of the lines having about 
50-per-cent compensation provided a transient stability 
limit of 750 megawatts per line. The shunt reactors were 
required for heavy as well as light load. 

Cost studies indicated an economic line loading of 700 
megawatts per line which was below the transient stability 
limit for six lines in parallel. During the first few years 
when fewer lines are required, transmission costs would be 
higher than for the major portion of the project life. Base 
load operation of mine area plants, near 80-per-cent load 
factor, would be essential to economic justification. 

The annual charge ob- 
tainable for such a_ project 
affects transmission costs con- 
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Transmission of 4.2-million kw at 500 kv over 6 lines, 660 miles long compensated to 
A—Power is shown in megawatts above the line and in megavars 
B—Operating voltages are shown in per unit of 
Angles given with bus voltages are relative to 230-kv load-area bus. 
Station decreases over-all angle between the sending station voltage and the receiving station voltage. C—Receiving 
system represented by equivalent machine, impedance, and load. Synchronous condensers included in equivalent. 
Total equivalent load is supplied by hydro and steam generation in load area and 500-kv transmission 
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per ton freight cost was 7.6 
per cent. Doubled 1940 costs 
make it about 14.6 per cent. 


‘See Note B 
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Effects of Corona on Traveling Waves 


Cc. F. WAGNER 
FELLOW AIEE 


HE effect of corona on traveling waves is to retard any 

given point on a voltage wave above the corona thresh- 
old value by an amount proportional to the distance 
traveled. Thus the effect is equivalent to a reduction in 
velocity. Ifa linear circuit can be characterized by assign- 
ing to it a certain inductance L and capacitance C, per unit 
length, then a wave impressed upon such a circuit will 
propagate along the circuit with a velocity v, such that 


v=1/./LC (1) 


This relation indicates the possibility of explaining corona 
effects by an increase in capacitance. 

The results of laboratory tests show that the corona 
characteristics under impulse conditions can be approxi- 
mated by a variable capacitance. Oscillograms of charge 
vs voltage show that with increasing voltage the trace is es- 
sentially independent of the front of the wave and the time 
to reach crest. 

In Fig. 1A the fundamental q-e curve of the conductor is 
shown. The slope of this curve is given by the C+AC 
curve. The C+AC curve in turn permits the determina- 
tion of the velocity by replacing C by C+-AC in equation 1. 


1 1 
Vine Wades @) 
where v, is the velocity of light, which is correct for the 
front of the wave. 

Fig. 1C shows an arbitrary volt-time curve which is ap- 
plied atx=0. Assuming that the traveling wave has moved 
a distance d, the undistorted portion of the wave below the 
corona threshold voltage, ¢o, requires a time t:=d/v, to 
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travel this distance. A point on the voltage wave above éo 
will require the time 4:+AT. This total time is related to 
the instantaneous velocity corresponding to the particular 
point on the voltage wave by the relation 


dd 


a d 
i +AT=-,or AT=-—t,= 
v v v ov 


omen cf |. ac 
=dl ./L(C+aC)—+/ LC] =dy ie yi+2¢-1) (3) 


(4) 


The curve for A7T/d is plotted in Fig. 1A, and for conveni- 
ence is replotted in Fig. 1B. To determine the retarda- 
tion AT, multiply the value in Fig. 1B by the distance 
traveled. This provides the curve shown in Fig. 1C for 
x=d, Thus,a method is available for determining the dis- 
tortion of a wave traveling on a line whose q-e characteristic 
is known. 

Using the laboratory determined values of AC for a par- 
ticular conductor, the quantity A7/d was computed. 
These results checked the independently derived retarda- 
tion curves, AT /d, for the same conductor, obtained during 
field tests on the 500-kv lines at the Tidd power station. 

With this characterization of corona, it is possible to de- 
vise analogues which can be used for computer studies or 
analytical work. An incremental element of a line can be 
represented by a combination of an inductance, capacitors, 
a battery, and a rectifier. 

Under corona the voltage and current no longer have the 
same wave forms. It is possible to calculate the current 
wave in terms of the voltage and characteristics of the con- 
ductor. It should also be noted that the voltage-time and 
the voltage-distance wave forms are no longer related un- 
der corona conditions, as they are below corona, by the 
simple distance-time relations corresponding to the velocity 
of light. 




















(A) im 
r @ 
e 
— 
al? | 3 
r L i i 
5 wm Q ie) 0.2 0.4 0 
2 » SEC/1000 FT. TIME IN MIGROSECONOS 
4 
- 
o 
o ey as 
L c —~ SLOPE =¢ 
phe es 
—_— 
&o . ad , . 
i oo Fig. 1. Method of determining distortion of traveling waves 





CONDUCTOR VOLTAGE e 


DECEMBER 1955 


Wagner, Lloyd——Effects of Corona 


from q-e curves 


1071 





A New 5-Kv 50,000-Kva 
De-ion Air Circuit Breaker 


RUSSELL FRINK 
ASSOCIATE MEMBER AIEE 


Continuous development work on magnetic air 
circuit breakers has produced many outstanding 
changes, as is demonstrated by this electrically 
and mechanically improved design. Its better 
operation and reliability is verified by test data. 


IR CIRCUIT BREAKERS for power voltages were 
Ase introduced to the electrical industry in 1929 with 
the multiple-cathode De-ion breaker rated at 15 kv, 
500,000 kva."? The magnetic De-ion air breaker, first 
produced in 1939, marked an advance in simplification, 
compactness, and flexibility of design to meet a wider 
range of interrupting requirements.* During the interven- 
ing years, air breakers have become an accepted standard, 
chiefly because of increased safety, cleanliness, low main- 
tenance requirements, and dependable and fast operation. 
Development work has been continuous to make further 
improvements in magnetic air breakers. 
An example of this work is a new design 4.16-kv 50,000- 
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J. M. KOZLOVIC 


ASSOCIATE MEMBER ATEE 


kva De-ion air circuit breaker, as illustrated in Figs. 
and 2. Outstanding features of this new breaker are: 


Smaller and lighter weight hinged-type arc chutes. 
Reduction in weight for greater ease of handling. 
Improved long-life contacts. 
4. Increased striking distances to ground and across 
open contacts; full 60 kv across the open breaker. 
5. Improved accessibility for inspection and main- 
tenance. 
6. Advanced design air puffer for quick interruption of 
low currents. 
7. Individual pole unit subassembly for easy removal 
for maintenance or replacement. 
8. Advanced design low-energy trip solenoid operating 
mechanism. 


THE INTERRUPTER 


THE ARC-INTERRUPTING ELEMENT, or arc chute, is the 


key factor in air circuit-breaker design. For a given inter- 


Fig 1 (extreme left). 
New 4.16-kv 50,000- 
kva magnetic air} cir- 
cuit breaker, com- 
pletely assembled. 
Fig. 2 (left). Breaker 
with barriers re- 
moved, and one arc 
chute tilted back for 
inspection or { main- 
tenance 
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Fig. 3. 
showing component parts and arc travel 


rupting performance, the characteristics of compactness, 
lightness in weight, and simplicity are true measures of 
interrupter efficiency. Reduction in arc-chute size results 
in smaller over-all breaker dimensions and, consequently, 
smaller building-space requirements. 

In this new design of breaker, the arc chute functions on 
the basic principle of magnetic de-ionization, explana- 
tion of which has been previously presented,‘ and briefly is 
as follows: ‘“The arc chamber consists of a number of non- 
gas-forming insulating plates having V-shaped slots. 
These plates are spaced apart and placed at right angles to 
the arc path. During operation, an arc is drawn between 
separating contacts, and is then magnetically moved toward 
the closed tops of the slots in the insulating plates. At this 
position, the presence of a strong magnetic field imparts 
to the electrons in the arc an upward component of velocity. 
They in turn bombard gas particles and produce an actual 
blast of gas perpendicular tothe arc. This action requires 
the arc to continually ionize fresh gas in considerable quanti- 
ties. When current zero is reached, this action continues 
in a sufficient degree to effectively de-ionize the arc. Di- 
electric strength is consequently established.” 

It has been found by extensive controlled laboratory 
interrupting tests that the design of the blowout magnet 
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Completely assembled new design arc chute and component parts. 
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Fig. 4. 


Cross section of arc chute, 


and the arc de-ionizing chamber must be carefully co- 
ordinated; in general, the more intense and uniform the 
magnetic field, the more compact the de-ionizing chamber 
canbe. In this design, it was found that a magnet assembly 
shaped in the plan view like an H, with the blowout coil on 
the crossbar of the H, provided the most efficient design. 
Fig. 3 shows a completely assembled arc chute of the 
new design together with its component parts, and Fig. 4 
shows a schematic cross section. 

The blowout coils, which are wound around the cross- 
member of the H-shaped magnet, are in the center of the 
are chute. Their terminals are connected to center arc 
horns, which are in the circuit only during the interruption, 
and at all other times are at a floating potential. The 
main interrupting plates are grouped together in two sec- 
tions and placed to either side of the center arc horns. At 
the extreme ends of the arc chute are two more arc horns 
connected to the opposite terminals of the breaker. The 
main interrupting plates and arc box liners are made from 
fired refractory zircon porcelain, and there is no asbestos- 
containing material across potentials. 

When the contacts part and draw an arc, it bows upward 
because of the loop circuit through the contacts and im- 
pinges on the center arc horns, forming terminals thereon. 
The single arc is then broken into three parts, shown by 
the second arc position in Fig. 4. Several small transfer 
plates, similar in design to the main interrupting plates, are 
placed between the lower ends of the center horns; these 
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plates quickly interrupt the short length of arc between the 
center horns, forcing the current through the blowout coils, 
which energizes the magnetic field. The magnetic field 
then causes the terminals of the arc which are on the arcing 
contacts to transfer to the outside arc horns. The arcs are 


then driven up into the stacks and interrupted in the con- 


ventional manner. 


Fig. 7. 
puffer 


Lower rear of breaker, showing diaphragm 
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Fig. 5 (left), Breaker contacts. Fig. 6 
{above). Breaker contacts, showing com- 
ponent parts 


An arc chute of this type has several distinct advantages 
over other types. One of the most important advantages is 
better voltage distribution. This places less stress on the 
insulation, and results in a higher impulse strength for a 
specific rating. When a breaker is standing in the open 
position, the voltage across the interrupter appears between 
the arc horns at the opposite ends of the arc chute. The 
magnet, being an electric conductor, is all at the same 
potential, and the over-all voltage appears as a voltage 
between the two arc horns and the magnet. The new 
interrupter with an H-shaped magnet has blowout coils 
which are floating except during interruption. This means 
that the capacitances of the magnet to the two arc horns are 
approximately equal, and the voltage divides more nearly 
equally between the two ends of the arc chute. Voltage 
stress on the insulating arc-chamber enclosure, thus, is re- 
duced to a minimum. 

Other advantages also accrue from this design. In a 
conventional U-shaped iron magnet, the magnetic field is 
strongest near the blowout coil and decreases with the 
distance from the coil. By proper proportioning of blow- 
out-magnet iron, core iron, and coil turns, completely 
adequate and successful magnetic de-ion breakers have been 
developed.’ Many thousands of these breakers are in 
satisfactory service. By dividing the interrupter into two 
sections, placed to either side of the blowout coil, a stronger 
and more uniform field is obtained and less iron is required. 
This results in a size and weight reduction; also splitting 
the arc into two sections makes the arcs shorter and, con- 
sequently, easier to control. 

The reduction in size and weight of the arc chute has 
permitted adding a feature previously used only on low- 
voltage breakers and contactors; that is, interrupters 
hinged to the upper contact. By removing one bolt, the 
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Former design of air circuit breaker. (right) New design of air circuit breaker, showing increased 


striking distance and travel resulting from smaller size and better arrangement 


arc chute may be tilted back for easy inspection and mainte- 
nance, as shown in Fig. 2; and, by removing the hinge pin, 
the interrupter may be completely removed from the 
breaker. 

Other features which contribute to efficient performance, 
such as proper streamlining of the arc path, proper plate 
thickness and spacing, proper slot shape, etc., have been 
worked out by a long series of empirical tests. These, 
combined with the advantages of the structure just described, 
have resulted in an interrupter which is 60 per cent of the 
size of its predecessor, yet retains ample interrupting 
ability. 


THE CONTACTS 


NEw CONTACTS were also designed for the new breaker. 
They are shown in Fig. 5, and in the schematic diagram Fig. 
6. These contacts are of the self-aligning multiple-line 
butt type. When the contacts begin to separate, the cur- 
rent is transferred from the main current-carrying contacts 
to the arcing contacts, which are protected from erosion by 
inlays of silver tungsten. As the arcing contacts part, the 
current path through the contact structure causes the arc 
to loop up into the arc chute. The lower end of the blow- 
out magnet is also designed to attract the arc up into the 
transfer stack where that portion of the arc between the 
center arc horns is extinguished, placing the blowout coil in 
series with the arc. The current path is then from the 
upper stud, through the rear arc horn, through the rear arc 
section to the blowout coil via the center arc horn. From 
the blowout coil, the current path continues through the 
front section of the arc to the front arc horn and by way of 
the shunt to the lower bushing stud. 

The main current-carrying contacts are made up of a 
solid moving member and a stationary member, consisting 
of four self-aligning fingers. For the arcing contacts, the 
flexible member is on the moving-contact arm, thus 
giving faster parting of the main contacts by taking full 
advantage of inertia of the contact masses. 
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The entire contact assembly for a single pole unit is 
mounted in a molded U-shaped channel. The channel is 
molded from a high-strength flame-retardent glass-polyester 
resin. ‘This permits mounting the bushings directly on the 
molded channel without the conventional metal flanges on 
the bushings, resulting in further reduction in the over-all 
size of the breaker and adding to the general safety by plac- 
ing grounded metal farther from live parts. 

Three such assemblies of moving and stationary contacts, 
in their individual channels, are mounted on the breaker 
frame. The only tie between the three pole units is 
the cross-bar which operates the contacts from the mecha- 
nism. ‘This makes it very easy to change a complete pole 
of the breaker without disturbing the setting of the other 
two poles. The entire contact structure was designed to 
make contact maintenance easy. The complete moving 
contact assembly can be removed for servicing by removing 
two bolts. The stationary arcing and main contacts can 
be dismounted by the removal of three bolts. 

A portion of the stationary contact is extended above the 
channel to form a part of the hinge; the other portion of 
the hinge is mounted on the back end of the are chute. In 
this way, the arc chute is hinged to the contacts. When the 
arc chute is down over the contacts, the contacts are com- 
pletely surrounded. ‘To inspect the contacts or arc chute, 
it is only necessary to open the shunt connection to the front 
arc horn, and tip the arc chute back. The contacts are 
then completely exposed and mounting bolts accessible. 


THE PUFFER 


IN ADDITION to interrupting maximum amperes in a few 
cycles, a circuit breaker must also be capable of interrupting 
magnetizing currents, which may be only a few amperes. 
A properly designed breaker will give dependable perform- 
ance on currents of this magnitude without an auxiliary 
device, but the arcing time will be longer because the arc 
moves slowly. To obtain fast action for all currents, an 
auxiliary device has been added. 
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Table I. Series of Single-Pole Interrupting Tests Which Demon- 
strate the Maximum Current-Interrupting Rating of the Breaker 





Interrupted Interrupting 
Voltage Current Time, Cycles 
4,200 i 995 .4.2 
4,200 1,005 aT 
4,200 : 970 5.1 
4,200 . 2,470 . 4.4 
4,200 . 2,470 ..4.4 
4,200 . 2,470 4.4 
4,200 ee .3.9 
4,200 ae 3.7 
4,200 3,210 4.1 
4,200 . 4,240 3.9 
4,200 . 4,240 3.6 
4,200 4,370 3.5 
4,200 4,990 3.8 
4,200 . 5,180 me Be 
4,200 4,990 3.8 
4,200 . . 4,925 | 
4,200 . 4,925 3.6 
4,200 4,925 ae A 
4,800 . 4,800 3.5 
4,800 4,800 3.5 
4,800 4,860 3.7 
2,400* .16,400 3.6 
2,400 15,900 3.5 
2,400 15,200 3.7 








* Oscillogram ef this test is shown in Fig. 9. 


Table II. Series of Single-Pole Interrupting Tests Which Demon- 
strate Performance at Maximum Design Voltage 





Interrupted Interrupting 
Voltage Current Time, Cycles 
4,800 . 995 4.9 
4,800 .1,020 5.6 
4,800 2,640 4.0 
4,800 .2,640 4.7 
4,800 .4,680 4.4 
4,800 .4,680 4.3 
4,800 -5,820 4.1 
4,800 .5,820 .4.3 
4,800* 7,040 4.3 








* Oscillogram of this test is shown in Fig. 9. 


Past practice has been to attach an auxiliary air cylinder, 
or puffer, to each pole to provide a puff of air as the contacts 
part to move the low-current arc more rapidly up into the 
arc chute. 

A new type of puffer has been developed which provides 
a more simplified and efficient construction. This new 
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Fig. 9. Oscillograms of single-pole interrupting tests at 
(left) 7,040 amperes, 4,800 volts, and (right) 16,400 
amperes, 2,400 volts 
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Fig. 10. Oscillograms showing performance on a standard duty 
cycle at 4,800 volts consisting of 2-unit close-open operation 


with 15-second interval between operations. Interrupted power 


was (left) 61,800 kva, and (right) 60,600 kva 


puffer consists of a single cavity mounted in the breaker 
Instead of a closely fitted piston, the moving mem- 
ber is a molded rubber diaphragm which is pulled into the 
cavity by a link to the mechanism. ‘The air expelled from 
the puffer chamber is led to the contacts through three 
tubes. On the ends of these tubes are placed three 
molded nozzles which direct the air across the con- 
tacts. By co-ordinating the breaker speed with the nozzle 
shape and position relative to the contacts, it was possible to 
make the new breaker have an interrupting time of under 8 
cycles over the entire range from very low currents to high 
short-circuit currents. Fig. 7 shows the rear of the breaker, 
including the puffer diaphragm. 


frame. 


THE BREAKER 


IN ADDITION to being improved electrically, the breaker 
has also been redesigned mechanically for reliability and 
longer mechanical life. The puffer, in addition to supply- 
ing air for low-current interruptions, serves as a frame mem- 








Table III. Typical Series of 3-Phase Interrupting Tests 
Interrupted Currents Interrupting 
———__—__—_—- Time, 
Voltage Phase 1 Phase 2 Phase 3 Cycles Kva 
4,800 ‘ 650 ‘ 630 . 414 4.1 . 5,540 
4,800 ‘ 592 ‘ 787 : 448 4.0 . 6,660 
4,800 ‘ 576 ‘ 734 ‘ 489 .4.0 . 6,180 
4,800 . 1,590 1,600 . 1,980 3.5 16,650 
4,800 . 1,660 . 2,160 . 1,400 SY: 18,200 
4,800 . 3,030 . 3,520 . 4,010 id 33,500 
4,800 5 790 . 3,560 . 3,025 3.5 . 32,000 
4,800.. .. 3,900 ~ $110 . 4,840 3.4 -42, 800 
4,800 .. 4,745 . 3,865 . 5,180 3.6 .43,100 
4,800. . .. 4,800 . 6,260 . 4,940 3.4 51,600 
4,800. . .. 6,220 .. 4,660 . 5,780 302 52,400 
4,800 ao pc oe . 6,370 . 5,540 3.2 .52,600 
ho EE 5,270 . 5,120. . 6,250 + .51,400 
+0006... €,010 « S900 .. 6,750 3.4 49,600 
ou SES 7,280 . 5,120 . 5,860 .3.4 -60,100 
4,000. ..3 <5 . 5,270 . 6,830 - 7,360 P| 61, 800*F 
RO ligase 6,540 . 5,240 . 7,350 ya:9 60, 600*F 
RMR i ske> 30 11,100 .19, 200 .15,550 .2.8 .85,400* 
Bie. nso e ves 14,420.......15,780 -11,510 .3.0 .69,400* 





* Standard duty cycle consisting of 2-unit close-open operations with 15-second interval 
between. 
+ Oscillogram of this test is shown in Fig. 10. 


NOTE: Additional interrupting capacity is provided to allow for higher interrupting 
current, occasioned by interrupting times substantially less than rated time of 8 cycies. 
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Table IV. Withstand Values from a Series of Impulse Tests 


Made Across an Open Breaker* 





Withstand 


Test Number Conditionst Polarity Voltage 


Bottom terminals and frame grounded, 
surge top terminals 67 
67 
Top terminals and frame grounded, 71 
surge bottom terminals 71 
71 
Top terminals and frame grounded,.....Negative.......70 
surge bottom terminals 71 
71 
Bottom terminals and frame grounded,.... . Negative 71 
surge top terminals 71 
71 





* Oscillogram of these tests is shown in Fig 1. 
+ NEMA Standards require 45 kv under the above conditions. 


ber and as a main support member for the individual pole 
unit assemblies. Also, the plate which mounts the mech- 
anism, the operating solenoid, and all the auxiliary de- 
Even the wheel 
axles have been called upon to do double duty. All of 
these double-functioning pieces contribute greatly toward 
reducing the size and weight of the new breaker. 

These breakers are built only as removable units for metal 
clad switchgear. -When adding to existing switchgear, it is 
desirable that the external dimensions of the new units be 
the same as those of the superseded design. Therefore, the 
reduction in the size of the breaker has been used to increase 
the travel of the breaker unit between the operating and test 
In the test position, the breaker terminals are 


vices serve as a cross member of the frame. 


positions. 
completely withdrawn from the receptacles in the cell, and 
their openings are covered by a grounded metal-shutter 
The reduced size permitted more liberal clearances 
The interior of the cell 


sheet. 
between live parts and ground. 


Fig. 11. 
breaker. 


Oscillograms of impulse tests across an open 
Crest voltages are given beside the traces 
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Fig. 12. Interrupt- 
ing time vs cur- 
rent for a series 
of 3-phase inter- 
rupting tests 
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has been rearranged to take the fullest advantage of the 
features described. However, a modified version of the 
breaker is available for use in the older type cells. Fig. 8 
shows dimensioned outlines of the new breaker and its 
predecessor and shows how the reduction in size has been 
used to provide increased striking distances, and increased 
travel between the operating and test positions. 


TEST DATA 


THis NEW DESIGN BREAKER, as in the development of all 
magnetic De-ion breakers, was tested extensively for inter- 
rupting performance over the entire range of currents from a 
few amperes to above the maximum interrupting rating. 

Tables I and II list two series of single-phase tests, and 
Fig. 9 shows two oscillograms selected from the group. 

Table III lists a series of 3-phase interrupting tests with 
oscillograms of a standard duty cycle shown in Fig. 10. 

Table IV lists withstand values from a series of impulse 
tests, both positive and negative, made across an open 
breaker, and Fig. 11 shows the cathode-ray oscillograms of 
the test. 

Low-current performance is shown in Fig. 12 by a curve 
of current vs time for interruption. The values used to plot 
the curve were taken from a series of several hundred tests 
over the low-current range, and the values plotted are the 
maximum time observed in the series. All current values 
were limited by reactance and so have low power factor. 


CONCLUSIONS 
A NEW INTERRUPTER for magnetic De-ion circuit breakers 
has been developed which is more compact in size and 


lighter in weight. At the same time, improved interrupting 


performance and increased insulation strength has been 


obtained. 

This new interrupter has been built into a new circuit- 
breaker design for high-repetitive operation and simplicity 
of inspection and maintenance. 

The performance of this breaker has been verified by ex- 
tensive tests under many conditions, and typical test data 
has been presented to substantiate this performance. 
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Use of Business Machines for Load Forecasting 


J.G. GRUETTER 


UNCHED-CARD ACCOUNTING EQUIPMENT is 
used by the Bonneville Power Administration (BPA) in 
the calculation and tabulation of load forecasts. 

As a wholesaler of electric power, BPA serves 87 different 
distribution systems, 12 Federal agencies, and 17 industries 
over 6,565 circuit miles of transmission lines at 322 different 
points of delivery. The service area embraces Oregon, 
Washington, northern Idaho, and western Montana. At 
BPA, one section is responsible for the preparation of load 
estimates used by the various departments, such as the sys- 
tem engineering, budget, operations, customer service, and 
rate departments. The repetitive use of one basic esti- 
mate for all purposes makes it suited for machine methods. 

The load of most utilities consists of the total requirements 
of ultimate consumers. The power wholesalers’ load, how- 
ever, is determined primarily by the total of the require- 
ments (load less generation) of its utility customers. 
Therefore, three sets of data are coded for each distrib- 
utor: (1) its own load estimates; (2) its system re- 
sources; and (3) its system requirements. Both peak 
and energy estimates are prepared by months for a 10- 
year period and entered on a punch card (Fig.). 

In the first three of the 80 columns on the punch card, 
every electrical distributor in the Pacific Northwest and 
every BPA customer is assigned an identification number. 
Thus, total Pacific Northwest area loads, resources, or re- 
quirements on the BPA system can be machine selected. 

Column four is used to designate the particular BPA 
area or district office in which the loads, resources, or re- 
quirements are located for administrative purposes. 

Columns five through seven are reserved for the identifica- 
tion of substations or delivery points. Thus, estimates for 
10 years in the future can be compiled for the 322 different 
delivery points for purposes of customer service planning. 

Columns eight and nine, designated ‘““Type of Customer,”’ 
distinguish loads, resources, and requirements of different 
categories of customers, so that data can be selected in 
accordance with operating and contractual arrangements. 

Column 10 is used to record generating capabilities. 
The steam and hydro resources are distinguished, with 
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hydro capabilities being calculated and punched for both 
minimum- and median-month stream-flow conditions. 

As the most critical time, from the standpoint of resources, 
is the storage-release period of each year, the total energy 
load must be related to the available resources in the same 
period. The number of months included in the period 
differs between minimum- and median-month hydroelectric 
conditions, and with different levels of storage develop- 
ment. The average of the monthly energy loads and re- 
sources included in the storage-release periods is calculated 
for each utility and punched into the individual card by 
the International Business Machine’s 602-A calculating 
punch. Comparisons are thus made between total avail- 
able resources and total loads. 

Columns 11 and 12 are used to indicate the 44 major 
substation areas on the BPA system out of which power is 
distributed to the 322 delivery points. 

There are many factors affecting line loadings, such as 
seasonal diversity of loads, diversity of stream flows, varia- 
tions in loadings arising from the operation of a co-ordinated 
system of storage reservoirs, and contractual arrangements. 
Since it is necessary in transmission studies to select a 
number of different months throughout each year under 
different stream-flow conditions in order to determine the 
heaviest loadings on different parts of the system, the 
combining of substation loads by machine methods is useful. 

Columns 11 and 12 are also used when the ultimate 
delivery is made over the facilities of other utilities to whom 
identifying numbers have been assigned. ‘‘Wheeling”’ 
loads may thus be compiled by the respective transferring 
agents. Column 13 is used to select data by states. 

Columns 14 and 15 are used to indicate the appropriate 
rate in rate studies and pay-out analyses. 

Column 16, entitled “Service,” is used to classify four 
basic types of service: direct; coincidental transfer; non- 
coincidental transfer; and transfer service for other utilities, 
also known as “reverse wheeling.”’ 

Column 17 is used to classify all data into peak and 
average. Columns 18 and 19 indicate the year. The 
basic data for the 12 months of the operating year, storage- 
period statistics, and operating-year totals follows. 

The method described makes it possible to conduct 
accurately many investigations and studies with a limited 
staff. A primary object in designing a coding system 
is flexibility. The broadest application of the method is 
possible when a single basic estimate is used for all purposes, 
so that information required for a particular report or study, 
which may range from a revenue analysis to an a-c analyzer 


study, can be readily machine-selected and tabulated. 


Digest of paper 55-450, ‘““The Application of Business Machines to Electric Utility Load 
Forecasting,” approved by the AIEE Committee on System Engineering and recom- 
mended by the AIEE Committee on Technical Operations for presentation at the 
AIEE Summer General Meeting, Swampscott, Mass., June 27-July 1, 1955. Published 
in AIEE Transactions, vol. 74, pt. III, 1955, pp. 854-8. 
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Engineering Multistage Diode Logic Circuits 


B. J. YOKELSON 


W. ULRICH 


ASSOCIATE MEMBER AIEE 


LOGIC CIRCUIT is defined as a collection of 

coincidence and mixing circuits, “‘and” and ‘“‘or” 
circuits, used in a computer or switching system to make 
a decision based on the condition of the input leads and 
memory of the system. Such circuits can be realized simply 
with the use of semiconductor diodes. 

Figs. 1A and 1B show diode “‘and” and “‘or” circuits using 
negative input pulses. (The need for inhibiting gates is 
removed if the negatives or primes of all input or memory 
conditions can be generated externally to the logic circuit.) 
The output of the “and” circuit remains positive (passive) 
unless all inputs are negative, in which case the output can 
go negative (active). The “or” circuit output remains 
positive until any input goes negative, at which time the 
output will go negative. 

Gates can be designed so that the output of one gate can 
serve as the input to a second gate. Some change in im- 
pedance level is necessary to accomplish this; the ratio 
between the two impedance levels is a function of the ratio 
of the required voltage swing to the supply voltage, as well 
as of the degree to which the diodes are nonideal. (An 
ideal diode is defined as one with zero forward impedance 
and infinite reverse impedance.) 

A multistage logic circuit is one in which one gate feeds 
a second gate, thus coupling in other inputs, which in turn 
feeds a third gate—until some gate is reached which is 
coupled to an output device. In most computer or switch- 
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ing circuits, only two stages of logic circuits are used before 
an amplifier is inserted. This means using intermediate 


amplifiers, or reducing all logic operations to two stages, . 


by using extra diodes. In either case, a cost penalty must 
be suffered. With the use of transistor circuits as input 
devices, it is felt that intermediate amplification may not be 
necessary, since transistor pulse amplifiers can readily 
supply relatively large amounts of pulse power. 

The considerations governing the design of any gate are 
the output requirements. If the device being fed by a 
gate is a transistor circuit, output current is the primary 
consideration. If one gate feeds another, the requirements 
are: 


ee 


1. For an “and” gate feeding an “or” gate: that the 
“and” gate resistor, if completely cut off from its inputs, 
supply enough current to the “‘or’’ gate resistor to drive it 
negative, and to supply reverse currents for the other diodes 
in the “or” gate. 

2. For an “or” gate feeding an “‘and” gate: that the 
“or” gate resistor, if completely cut off from its inputs, 
supply enough current to the “and” gate resistor to keep it 
positive, and to supply reverse currents for the other diodes 
in the “and” gate. 


Using these requirements, design equations can be de- 
rived which include factors for thg tolerance of resistors and 
the nonideal characteristics of diodes. Power-supply drifts 
can be handled by designing for the minimum supply volt- 
age, and using capacitor coupling to the output devices 
(flip-flops, pulse amplifiers, or recording devices) being fed 
by a logic circuit. 

Capacitor coupling from input devices to the logic circuits 
is not recommended. Transistor circuits can be directly 
coupled to logic circuits quite easily. A transistor circuit 
having characteristics closely approximating those of a 
switch is a good driving source for an ‘“‘and” gate. The 
transistor switch must be pulsed to an open-circuit condi- 
tion in order to represent a pulse to an “‘and” gate. If this 
switch acts as an input to an “or” gate, the switch must have 
a resistor-to-negative battery to drive the “‘or” gate negative 
when pulsed open. In most systems, more inputs go to 
“and” gates than to “or” gates. 

The advantage of using multistage logic is the low cost 
of the gate circuits, an important factor for a computer with 
a complex logic system involving thousands of gates. 
Transistor switches are capable of driving multistage logic 
circuits. It is, therefore, felt that multistage logic circuits 
will come into use in the near future. 








Digest of paper 55-431, “Engineering Multistage Diode Logic Circuits,’ recom- 
mended by the AIEE Committee on Communication Switching Systems and approved 
by the AIEE Committee on Technical Operations for presentation at the AIEE 
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is with Bell Telephone Laboratories, Inc., Whippany, N. J. 
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New NEMA Standards for 
D-C Motors and Generators 


J. F. DAVIS 


MEMBER AIEE 


The author outlines the new NEMA suggested 
standards for d-c motors and generators. The 
changes described will result in a simplified 
standard which is realistic in terms of current 
requirements and practices. The reasoning 
behind these changes is discussed in detail. 


ECENTLY the National Electrical Manufacturers’ 
R Association (NEMA) compiled a number of sug- 

gested standards for future design which pertain to 
d-c motors and generators.! These new standards concern 
what have been known as “general-purpose”’ integral-horse- 
power motors up to 200 hp and generators up to 150 kw. 
The nature of these new standards and their significant 
differences from the older standards make them of interest 
to all users, as well as manufacturers, of this type of equip- 
ment. It is the purpose of this article to describe these new 


standards and to tell how and why they were developed. 


BACKGROUND 


THE EARLIEST MOTORS in common use were d-c motors, 
and the first central stations and distribution systems were 
d-c. With the development of the induction motor and 
the installed and have 
gradually almost completely supplanted d-c systems for 
power generation and distribution. The d-c motor, how- 
ever, has one prime advantage which no a-c motor has ever 


transformer, a-c systems were 


been able to match completely, and that is its ability to 
change speed over a wide range with easy adjustment. 
Consequently, d-c motors are still used in large quantities 
in many industrial applications with the user converting 
the a-c power he receives to d-c for supplying these motors. 
D-c generators are widely used to supply power to d-c 
motors and for other applications, such as plating, battery 
charging, etc. 
power systems, the number of d-c motors has been steadily 


In spite of the almost universal use of a-c 


increasing in recent years. 

Studies made during the last two years by several of the 
member companies of NEMA showed that there had been 
a change in the way the majority of their d-c equipment 
was being applied. Formerly, the large industrial users of 
d-c motors had constant-potential d-c busses in their plants. 
Motor-generator sets of large size, or rotary converters 
Many or all of 
the d-c motors in the plant operated from this bus at either 


supplied the factory distribution system. 


constant speed or over a speed range by shunt field rheo- 
static control. 

A survey made by the General Electric Company, for 
On 


instance, showed that this condition no longer exists. 
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all recent applications of general-purpose d-c motors, this 
study showed that approximately 90 per cent were used on 
adjustable-voltage systems. Very few plants which still 
have a constant-voltage d-c bus are extending these systems 
or installing new ones. Of the motors used on constant- 
potential systems, approximately 80 per cent were adjust- 
able-speed motors and 20 per cent were constant-speed 
motors. Therefore, less than 5 per cent of the recently 
purchased general-purpose d-c motors ran at a single speed. 
A large proportion of the adjustable-voltage drives had 
only one motor operating off the generator from which it 
received power. 

This change in usage had come about for good reasons, 
mostly relating to the possibilities for improvements in 
drive performance which were being dictated by the trend 
of all industries toward higher output and better quality 
control. Much wider, essentially infinite, speed ranges 
are available with an adjustable-voltage system as compared 
with a maximum of 4-to-1 to 8-to-1 speed range possible 
on a constant-voltage system. Many drives require con- 
stant torque over a speed range, and the d-c motor operating 
from an adjustable-voltage source is best suited to supply 
this need. When a drive frequently starts, stops, or 
reverses, there is a large power loss during each accelerating 
and decelerating period in a system using a d-c motor on 
constant voltage or an a-c motor on constant frequency. 
This power loss can be eliminated with an adjustable-volt- 
age d-c system. 
chines, printing presses, rolling mills, etc., can be sec- 
tionalized (that is, each section separately powered by its 
own motor) and still maintain accurately related speed 
between the sections over a speed range with an adjustable- 
voltage d-c system. Higher efficiency is obtained when the 
motor-generator set is located close to the motor, as is 
possible with individual generators, by reducing distribution 
losses. The expensive and bulky starting equipment re- 
quired for large d-c motors on constant-voltage systems 
is not needed on adjustable-voltage systems. These are 
some of the reasons that have caused the change in usage of 
d-c motors and generators found in the studies which were 
made by NEMA members. 

The facts brought to light by these surveys showed certain 
inadequacies in the existing standards for d-c machines 
and provided the impetus for writing the new suggested 
standards for future design. These new standards described 
in the following sections were evolved about the same time 
that NEMA was preparing new standards for a-c integral- 


Large drives, such as paper-making ma- 
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horsepower induction motors. The rerating of the a-c 
motors was largely a result of improvements in the art of 
designing these motors and of the availability of new mate- 
rials. Similar progress had been made in the art of design- 
ing d-c machines, and was another argument in favor of 
preparing new standards at this time. 


INDUSTRIAL D-C MOTOR 


A NEW DEFINITION has been adopted as a NEMA stand- 
ard which reads: “An industrial direct-current motor is a 
direct-current dripproof motor having a continuous rating 
and designed, listed and offered in standard ratings with 
standard operating characteristics and mechanical con- 
struction for use under usual service conditions without 
restriction to a particular application or type of applica- 
tion.” 

One of the significant features of this definition is that it 
specifies the dripproof enclosure as compared with the 
“open” enclosure of the general-purpose motor definition. 
The surveys indicated that at least a dripproof enclosure 
was required in a high percentage of applications in order 
adequately to help protect d-c machines, particularly their 
commutators, when located in the average factory environ- 
ment. The previous standards recognized dripproof d-c 
machines as an alternative with higher temperature rises 
than open machines and with no service factors applying to 
their ratings. Therefore, the new standards provide better 
protection while still retaining the service factor of -the 
general-purpose motor. 

This new definition was added to the standards in prefer- 
ance to modifying the “‘general-purpose motor” definition 


partly because the old definition was still applicable to 
present-day a-c motors without change, and partly because 
it seemed desirable to imply in the title that these d-c 
motors were suitable for industrial use but not in the general- 
purpose sense that is associated with squirrel-cage induction 


motors. 
purposes. 


D-c motors are applied in industry for special 


MOTOR VOLTAGE 


THE STANDARD VOLTAGES for integral-horsepower d-c 
motors have been 115 and 230 volts. Since the standard 
d-c generator voltages were 125 and 250 volts, this allowed 
10 and 20 volts, respectively, for line voltage drop. These 
were realistic values in the days of large d-c distribution 
systems where the motors and generators were frequently 
located a considerable distance apart. However, most 
drives today have individual motor-generator sets located 
near the d-c motor and the cable voltage drop is much less 
than these values. The General Electric Company survey 
showed also that in several plants which had constant- 
potential d-c systems, the average voltage at the motor 
terminals was 244 volts, with a maximum of 250 and a 
minimum of 226 volts. 

Therefore, a suggested standard for future design has been 
added to the NEMA standards to rate d-c motors 120 and 
240 volts. This reduces the allowance for line drop to 
10 volts for the higher voltage systems, which is more than 
adequate for most applications. It was decided that it 
would be better to change the standard motor voltages 
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rather than the generator voltages for two reasons. First, 
if a d-c motor rated 240 volts is applied on a 230-volt system, 
it will run slow, but can easily be speeded up by weakening 
the field. Second, new generators will have to operate in 
parallel with older 250-volt generators in certain instances 
and must be capable of continuously producing this voltage 
without overheating the fields. 

The lower voltage of 120 volts is standard for motors 
only up to 10 hp (as most users prefer to go to higher volt- 
age when applying larger ratings); 240 volts is standard for 
all motor ratings. 


MOTOR HORSEPOWER AND SPEED RATINGS 


THE NEMA STANDARDS for a number of years have recog- 
nized two types of d-c motors: constant speed and adjust- 
able speed. Separate tables of hp and speed ratings for 
these .two types were listed in the standards, and the hp 
ratings were each established on.a different basis as to time 
and temperature rise. 

The constant-speed motors were rated with very limited 
speed ranges by field control from a minimum of 1-to-1 to a 
maximum to 2-to-1. Ratings for these were established at 
each of the following base speeds: 100, 150, 200, 250, 300, 
350, 400, 450, 500, 575, 690, 850, 1150, 1750, and 3500 rpm. 
These open motors were rated continuous, 40-C rise with 
Class A insulation and a 1.15 service factor. Motors with 
dripproof enclosure were rated 50 C, with no service factor. 

The adjustable-speed motors had three tables of ratings 
for the three speed ranges of 3-to-1, 4-to-1, and 6-to-1 by 
field control with appropriate base speeds chosen from the 
foregoing list. Adjustable-speed motors had two hp ratings 
which were always two of the adjacent values in the follow- 
ing list: 1/2, */4, 1, 14/2, 2, 3, 5, 7'/2, 10, 15, 20, 25, 30, 40, 
50, 60, 75, 100, 125, 150, and 200. The lower hp rating 
for open motors was the continuous, 50-C rise rating at 
base speed with Class A insulation and no service factor, 
and also was the continuous, 40-C rise rating at 150 per 
cent base speed. The higher hp rating was the continuous, 
40-C rise at 300 per-cent base speed and higher speeds. 
Between 150 and 300 per-cent base speed, the standards 
specified a linear increase in hp with speed between these 
two hp values. The rating of dripproof adjustable-speed 
motors was not covered by the standards. Totally en- 
closed fan-cooled adjustable-speed motors were rated on the 
same dual hp basis, where the lower value was a 1-hour, 
55-C rating from base to 150-per-cent speed; at 150-per- 
cent speed. it became the continuous, 55-C rating; at 300 
per cent and higher speeds, the larger value was the con- 
tinuous, 55-C rating; and between 150- and 300-per-cent 
speed the continuous, 55-C hp varied linearly with speed. 
This rather complicated rating system for adjustable-speed 
motors was an attempt to recognize the inherent increase 
in rating from a heating standpoint which is possible with 
increased speed. Unfortunately, the uneven steps between 
standard hp ratings, ranging from 20 to 67 per cent, does 
not, in all cases, represent a reasonable increase. 

Table I shows the newly adopted suggested standard for 
future design listing 156 hp and speed ratings for 240-volt 
d-c motors. This compares with the four tables listing 502 
different ratings which have been the standards for these 
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Table I. 


Horsepower and Speed Ratings for Industrial D-C Motors 


new standard eliminates many 











A. The standard hp, base speeds, and speeds which may be obtained by field weakening for industrial d-c motors shall be as duplications which existed 
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required special construction 





B. Industrial d-c motors shall be capable of carrying a load equal to 1.15 times the base-speed hp rating when operating at 


base speed. 


Industrial d-c motors shall be capable of carrying a load equal to 1.3 times the base-speed hp rating when operating at 150 


per cent to 300 per cent of base speed. 


When an industrial d-c motor is operating at the loading described in this paragraph, its operating characteristics, such as 
efficiency, temperature rise, etc., may differ from those specified when the motor is operating at the base-speed rating. 


motors. The new standard does not classify the ratings as 
constant-speed and adjustable-speed, but groups them all 
together. The differentiation made previously was rather 
artificial inasmuch as the construction of the two types was 
very similar. It was felt that there was very little demand 
for constant-speed motors having a low base speed. There- 
fore, the standard motors with low base speed should be 
designed for adjustable-speed operation. Such motors will 
also be excellent motors for those few applications where 
little or no speed range is needed. A precedent had existed 
in the standards for the combination of constant- and ad- 
justable-speed motors in the section pertaining to d-c 
motors larger than 200 hp, where ratings with low base 








speed were listed only as adjustable-speed motors. The 
Table Il. Power Required for Standard D-C Motors 
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to operate successfully at rated 
top speed; others did not uti- 
lize the full capabilities of the 
motor. 

Because the speed range 
is not limited to the _pre- 
vious standard values of 3-to-1, 4-to-1, and 6-to-1, 
more choice in speed range is given in the new table than in 
the old, even with fewer total ratings. For instance, at 5 
hp there are seven possible speed ranges listed as against a 
previous choice of four (considering the constant-speed 
ratings as one choice). The maximum speed range in the 
new table is 4-to-1._ Although the old table showed ratings of 
6-to-1 speed range, it was felt that motors of this range 
generally required special construction and their small 
usage did not warrant listing them as “industrial d-c” 
machines. 

One new base-speed rating was added at 2,500 rpm. 
This fits in the previous large gap from 1,750 to 3,500 rpm. 
The surveys indicated there was little need for the base 
speed ratings of d-c motors to correspond to a-c induction 
motor speeds (only a few applications require interchange- 
ability), so this was ignored in making the new table. The 
575- and 690-rpm base speed ratings were combined in a 
new 650-rpm rating. Base-speed ratings of 100, 150, 200, 
250, 350, and 450 rpm were dropped in the new table. It 
was felt that below 300 rpm the usage was so small as to 
take them out of the category of industrial motors. The 
other ratings dropped were intermediate to ratings retained 
and the steps between them were closer than necessary, 
considering the adjustability of d-c motor speed. The 
steps between adjacent base-speed ratings vary from 33 to 
52 per cent, as compared with a variation of 11- to 100-per- 
cent steps in the old table. 

All the motors listed in Table I have the continuous, 60-C 
rise, hp rating at base speed shown in the left-hand column. 
This rating, based on the use of Class B insulation, has a 
service factor of 1.15 at base speed. ‘This provides extra lee- 
way in the base-speed rating. Previously, open adjustable- 
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speed motors had no service factor at base speed, and 
neither constant- nor adjustable-speed motors had one 
when built with dripproof enclosure. 

Comparative data of several manufacturers showed that 
when motors operated above base speed by field control, the 
thermal capabilities followed the curve shown in Fig. 1. 
The data showed that this curve was approximately right 
for most of the sizes and base-speed ratings under considera- 
tion. Accordingly, the new standard states that when 
operating between 150- and 300-per-cent base speed, the 
service factor shall be 1.30. For 300 per cent and higher 
speeds (where the rating includes a speed range that wide) 
a new horsepower rating is established which is also a con- 
tinuous 60-C rise rating. These are listed in the right- 
hand column of Table I, and are approximately 1.3 times 
the base-speed values. This new system has some ad- 
vantages over the old tapered rating system. Ratings are 
established at only one temperature-rise value. The high- 
speed ratings are more nearly consistent with the inherent 
heating characteristics of the motors, and do not require 
designing each machine to meet an artificially established 
value. 


GENERATOR KW AND SPEED RATINGS 


A FRESH CONCEPT was used in establishing the new table 
of standard d-c generator ratings. The old tables had 
listed standard ratings of */4, 1, 1'/2, 2, 3, 5, 74/2, 10, 15, 
20, 25, 30, 40, 50, 60, 75, 100, 125,150, and 200kw. These 
are the same numbers as used in the motor-horsepower 
tables, and had been arbitrarily chesen as a reasonable series 
without consideration of their most popular modern usage. 
This is, according to the surveys, supplying power for ad- 
justable voltage d-c motor drives, usually a single motor. 
With this idea in mind, the power necessary to supply the 
standard d-c motor ratings was calculated as shown in 
Table II using typical values of motor efficiency. Looking 
at the problem from another angle, the output available 
from standard a-c motors using typical generator efficiencies 
was Calculated as shown in Table III. The values chosen 
were a compromise between theoretical values obtained 
by these two methods and, fortunately, satisfy both condi- 


Table II. Power Available from Standard A-C Motors 
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d-c motors when speed is changed by field control 


tions quite well. The 1.15 service factor of both the a-c 
motor and the d-c generator can take care of any of the 
small mismatches. The major advantage of this method 
of rating d-c generators is shown in Table IV where both 
the old and new motor-generator set ratings are given for 
single d-c motor drives of standard hp. In 13 of the 20 
cases the generator rating is less than it used to be, and in 
11 of the 20 drives the a-c motor has been changed to the 
next smaller rating. The old values had been chosen as 
the nearest larger standard generator rating required by the 
d-c motor and the nearest larger a-c motor to supply the 
full nameplate rating of the generator. Thus, there had 
been a considerable penalty imposed on these drives by the 
standard kw ratings of d-c generators. The odd-sounding 
kw values in the suggested standard for future design have 
real merit for this type of application, and will provide 


Table IV. Motor-Generator Sets for Single D-C Motor Drives 





D-C Generator, Kw A-C Motor, Hp 
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just as good a series of ratings for other applications, such as 
exciters, as did the old values. 

The standard speed ratings in the old tables had included 
all the 50- and 60-cycle synchronous speeds down to 75 rpm 
and most of the induction motor full load speeds, for a total 
of 825 ratings to cover the range of */, to 150 kw. Many 
of the lower speed ratings were seldom used. It was felt 
that the listing of separate ratings for synchronous and in- 
duction motor drives was unnecessary. In these sizes, most 
d-c generators will be driven by induction motors. - If a 
user drives them instead with a synchronous motor, he 
will be able to get slightly higher voltages if he wishes, 
but there is no disadvantage from such operation. The 
standard kw and speed ratings which appear in the “Sug- 
gested Standard for Future Design” are as follows: */4, 1, 
11/2, 2, 3, 4*/2, 61/2, 9, 13, 17, 21, 25, 33, 40, and 50 kw at 
850, 1150, 1450, 1750, and 3450 rpm; also 65, 85, 100, 125, 
and 170 kw at 850, 1150, 1450, and 1750rpm. This results 
in only 95 ratings to cover the range of */, to 170 kw. 

The tables of standard motor-generator set ratings in 
Part 13 of the NEMA standards have been revised in ac- 
cordance with these changes in d-c generator ratings. 


INSULATION AND TEMPERATURE RISE 
PerHApPs the part of the new standards of most general 
interest is that which establishes Class B insulation with a 
temperature rise of 60 C for the industrial (dripproof) 
The previous NEMA standards 


had long recognized Class B as one of the acceptable groups 


motors and generators. 


of insulating materials and had shown the usual temperature 
rise values to be used with it the same as ASA, AIEE, and 
other standards. These temperature values of 70 C for 
open machines and 75 C for totally enclosed machines did 
The definition of a 
general-purpose motor describes it as Class A insulated, 
with a 40-C temperature rise. Thus, this new step repre- 
sents a sharp break with tradition for this type of equipment 
and a divergence from the present practice of the sister line 
of general-purpose a-c induction motors. 

The chief argument in favor of using Class B insulation 
and a higher temperature rise is that it results in a smaller 
machine. ‘This means that less space need be provided for 
a given rating, the machine will weigh less, the inertia of 
the armature (Wk?) will be less, and the response faster. 
These last two points are especially important, for many 
applications of d-c motors require frequent and rapid starts, 
stops, reversals, and changes of speed. All of these factors 
are important to the user, as is the fact that a reduction in 
the amount of material helps the manufacturers meet the 
problems of ever-increasing costs of material and labor. 
Sufficient progress in the art of designing d-c machines has 
been made that reduction in size can be made without 
sacrifice of commutating ability. 

Considerable development work has been done recently 
on Class B materials which encouraged the NEMA D-C 
Motor and Generator Subcommittee to choose this class. 
Of particular interest is the development of wire enamels 
capable of operating at Class B temperatures. This holds 
much promise of further reducing the size of machines be- 


not provide for any service factor. 
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low that required with glass- or asbestos-covered wire. 

The choice of 60-C rise for these new Class B machines 
was based on the revision currently being made in Table I 
of the ASA Standard C50.? The ASA table shows this value 
to be used for “‘general purpose and other generators and 
motors having a 1.15 service factor.’’ This service factor 
has been a part of the rating of general-purpose motors for 
many years and is intended to compensate for the fact that 
the exact service conditions to which such motors are sub- 
jected are uncontrolled and not easily determined. This 
is perhaps not so true in the case of d-c motors as in a-c in- 
duction motors, but there is another good reason for having 
a service factor at rated speed for d-c motors. As mentioned, 
most d-c motors today are applied on adjustable-voltage 
systems and, therefore, will operate during a part of the duty 
cycle below base speed. Self-ventilated motors will tend 
to run hotter at lower speeds because of the reduced amount 
of cooling air. The service factor, then can be useful in 
providing a safety margin for operation below base speed. 

Several companies tried to survey their:markets to deter- 
mine the acceptability of Class B insulated machines rated 
at higher temperatures. This was a difficult thing to meas- 
ure, and there were conflicting reports even on individual 
surveys. But, in general, the consensus of opinion seemed 
to be that Class B insulation as such was as acceptable to 
motor users as Class A insulation. In fact, many cus- 
tomers today pay a premium to obtain machines with 
Class B insulation. One of the chief concerns about higher 
temperature rating seemed to be that maintenance per- 
sonnel would not be familiar with machines capable of 
operating at these temperatures and would be inclined to 
think a machine was overloaded when using the “‘feel’’ 
test on the outside of the frame. Customers were also 
afraid that the frame temperature might be high enough to 
cause burns. However, neither of these factors seem to 
pose much of a problem since the increase of frame tempera- 
ture will be small compared with the increase of the winding 
temperatures. In fact, with improved ventilation, the 
frame temperature may be no higher than on present Class 
A, 40-C machines. Class B insulation at even higher 
temperatures has been standard for many years in the land 
transportation industry* and for steel mill auxiliary motors.‘ 
Both of these applications are extremely heavy duty, yet 
Class B insulation has proved to be very reliable. There 
seems also to be a trend for foreign manufacturers to go 
to higher temperature ratings. 

Totally enclosed machines in this new line will be rated 
continuous 75-C rise in accordance with existing standards. 
Previously, the NEMA standards for adjustable-speed 
totally enclosed motors provided only a 1-hour rating at 
base speed, which has been a severe limitation for many 
applications. 


FRAME ASSIGNMENTS 


THE NEMA STANDARDS have frame assignments for most 
a-c induction motor ratings. Previously, there were frame 
assignments for d-c motors for the smaller frame sizes. 
However, before this program of major revisions to the 
standards was undertaken, the frame assignments for d-c 
motors were rescinded. The possibility of making new 
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frame assignments in line with the other new standards 
was considered by the committee. However, it was felt 
that there was very little need for such standardization and, 
therefore, no frame assignments for the new ratings are 
contemplated at present. 


PERFORMANCE CHARACTERISTICS 


AS A RESULT of the changes in rating methods and the 
higher temperature rise, certain revisions in the standards 
pertaining to performance characteristics are being made. 
These have not been completed at this writing but do not 
appear to be seriously different from the old standards. 
There will be a larger change in the full-load speed of 
motors (and voltage of generators) during the warming-up 
period. Most of the other changes, however, are only 
modifications to suit the new rating methods. 


SUMMARY 


A COMPLETE REVAMPING of the NEMA standards per- 
taining to d-c motors and generators has been made to 
bring these standards in line with the modern usage of these 
machines. The new suggested standards for future design 
should enable manufacturers of industrial d-c motors and 
generators to make smaller, lighter, and faster-responding 
machines with a much higher degree of standardization 
than under the previous standards. 
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Broad Survey of Engineering Profession 


Essential 


S.C. HOLLISTER 


The author outlines some of the pressing tech- 
nological problems facing the world and the 
responsibilities which they impose on the en- 
gineering profession. Recommendations for a 
thorough appraisal by the Engineers’ Council 
for Professional Development are proposed. 


HERE IS NO DOUBT that during the past quarter 
sd estat the tempo of the whole world has increased 

to an astonishing degree. Through developments in 
engineering, communications and _ transportation 
systems have shrunk the world so that now it is practically 
only a fraction of the size it used to be. Because of this 
tremendous change in communications and transporta- 
tion, the world political arena has been completely altered, 
and mass attitudes are being built up or broken down. 


our 


THE ENGINEER’S ROLE 


THE ENGINEER is at the core of this development. He has 
created many of the technical means which have brought 
about this change and, in many instances, has participated 
in the direction of its development. To an increasing 
degree he is becoming a practicing sociologist, an active 
economist, a political planner; all in addition to his func- 
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tion as one who interprets scientific principles into useful 
works. 

Although human and international relationships have 
been shifting at a remarkable rate—a shift in which the 
engineer’s work has been an active ingredient—the very 
basis of his technical accomplishments, namely, the fund 
of scientific knowledge, also has been enormously expanded 
in this period of time. 
the tremendous ramifications of this new knowledge and 
the extent to which it may be applied to human service. 
The public has become aware that the engineering pro- 
fession’s many accomplishments have a bearing on our 
daily life; accomplishments that bring men closer together, 





One can only partially visualize 


that unify their problems and common concerns, that lighten 
their burdens and extend their capacities, and that en- 
hance the common welfare. 

Engineers have accomplished so much that now it is 
taken for granted that what they produce will function 
without difficulty. It is further taken for granted that they 
will safeguard the life and property of the public. Nobody 
stops before a bridge to make computations to see whether 
or not he should cross the bridge. There is still another 
public assumption that puts a tremendous responsibility 
upon the engineer. He has worked so many miracles in 
the eyes of the public that it is now assumed that he will 
bail mankind out of any crisis that may arise. Take for 
example our present headlong dash toward consuming our 
natural resources. If the question is raised that perhaps 
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we should be more cautious we are told at once that when 
the pinch comes they will find something else that probably 
will be better—‘‘they,” in this case, meaning the engineer. 

It is easy to see, therefore, that the engineer has assumed 
in the mind of the community a professional status. As a 
group, engineers have become a definite entity in the public 
mind both as to function and accomplishment. This is 
his status regardless of the arrangements of his employment. 
The services which engineers are being called upon to 
render are increasing, not uniformly with time, but ac- 
tually exponentially. We know that there are many things 
on the shelf waiting to be worked upon. We know that new 
knowledge, useful for the engineer, has been increasing at 
a tremendous rate. We know also that even with the nor- 
mal development of former lines of engineering, new ave- 
nues of approach are opening in many directions. 

There is much evidence to show that only a certain 
proportion of our population has the necessary qualifica- 
tions to undertake the engineering profession. Many of 
the qualifications are similar to those required for success in 
other lines. Out of a given age group, for example, out of 
the number of boys reaching age 18 in a given year, only 
about 17 per cent have the necessary intellectual capacity 
to undertake work in our profession. This same 17 per 
cent, however, must also supply the talent for such other 
professions as law, medicine, and science. They must also 
supply the top-level people in the crafts, including the better 
chefs, cabinet makers, glass blowers, tool makers and the 
like. The interplay of interests and degree of enterprise 
or of fortitude will have a bearing upon which field the 
boy enters. Several years ago I pointed out that only about 
47,000, amounting to 1/4 of the 17 percent I spoke of, could 
be expected to enter the engineering profession at the fresh- 
man level. We have, through the beating of drums and 
the shaking of bushes, gone higher than this number. A 
study of performance in college, however, points out that 
it is quite apparent that after we passed approximately 
47,000, the mortality rate took a sharp increase. In other 
words, it would seem we are dipping a little further into 
the supply and reaching a little below the likely level of 
capacities. 

In speaking of this matter of intelligence, the capacity 
for receiving a certain kind of education, etc., it must be 
borne in mind that we are doing so in the light of our educa- 
tional methods, our guidance systems, and the manner in 
which we communicate to the oncoming youth the possi- 
bilities and attractiveness of the various professions and 
other occupations which he might conceivably be capable 
of entering. We need to make improvement in all of these 
methods of communicating with the youth and we need im- 
provement all along the line in educational operations. 
These, however, are not going to be changed suddenly. 
It will be a long process of evolution if we are to make any 
changes at all, but we must continually try. 


THE PROBLEM 


RETURNING NOW to the meaning of our experience in the 
success or failure of boys attracted to the engineering pro- 
fession, it is apparent that we have reached a fixed percent- 
age of the population that will enter engineering. When we 
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look again at the services that engineers are being called 
upon to perform and the fact that these service needs are 
increasing at an accelerating rate, we see that the demand 
for services is outrunning the rate of supply of people to 
perform them. This does not necessarily mean that we 
have to go without such services, at least not for the present. 
It does mean, however, that the pattern of utilization of engi- 
neers must be modified considerably. We know that in many 
fields the beginning engineer soon progresses to paper work 
and from there to administrative duties and frequently to 
less and less engineering contribution. The pattern of 
advancement is often in lines other than engineering. It is 
necessary to modify this state of affairs so that the path and 
the rewards lie closer to engineering practices. In this 
respect, we can take a leaf out of the book of the medical 
profession where the number of doctors is about half the 
number of engineers in the population. Any doctor per- 
forms as the nucleus of competent but less trained people, 
and in such a way the ability of the doctor is proliferated 
over a wider contact area. To some degree the legal pro- 
fession is organized along similar lines. The engineering 
profession, if it is to render the services that we know are 
ahead of it, must be considerably overhauled both in the 
manner of utilization and in the pattern of preparation of 
such a career. 

There already are signs of threats to the profession that 
should motivate us to give heed soon to a re-evaluation of 
our professional activities. On the one hand, scientists 
are entering the field, in many cases with telling effect. 
They have better fundamental training and, for the most 
part, they are able to stay in the professional field without 
shift to administrative function. At the other end of pro- 
fessional activity we are feeling the effects of unionization 
in areas where large numbers of young engineers may be 
used in more or less standardized and routine functions. 
We have become, in part of the profession at least, slaves 
to job classification rather than men working toward the 
utilization of individual talents in their highest form. 


NEEDS FOR APPRAISAL 


I HAVE MADE a number of statements here as to my im- 
pressions of the situation in the profession. Most of them 
are qualitative. Many of them are in some degree con- 
troversial. What is lacking in this critical situation is an 
accurate, carefully made appraisal of both utilization and 
supply. Suppose, for example, we have a scientific 
sampling of each school of engineering and we follow the 
progress of each graduate in the sample. If we did this for 
different classes of graduates, we would amass a body of 
material that would give us a consolidated picture of the 
training, development, growth, utilization, and accomplish- 
ment of the individuals in the profession. We would then 
be able to note with some assurance the factors to which 
we could most profitably give attention. 

This is not all the looking that we need todo. We need 
to make some estimate of the oncoming problems the en- 
gineers are most assuredly going to be called upon to solve. 
We need a careful estimate of the new frontiers and some 
notion of when we are going to be called to enter upon them. 
Some ofthese frontiers are in urgent need of development, and 
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will render great benefits and profit to the community. 
The need for developing any of them stems from the fact 
that some of our material resources are becoming exhausted, 
and many other important ones threaten short supply. We 
need a study pointed toward improvement of the supply of 
our necessary manpower. We need studies of possible 
patterns of utilization; in short, we need some objectives 
defined in terms of the responsibilities the community has 
placed upon us. It is clear, or so it seems to me, that the 
profession is badly in need of a comprehensive survey having 
as its objective the evaluation and appraisal of its present 
and likely future adequacy and an appraisal of the areas in 
which action must be taken to effect improvements. 

This council asked in 1952 for an appraisal of the prep- 
aration of engineers and referred the matter to the American 
Society for Engineering Education. That Society has 
completed such a study and during the current year has 
published its report. It is a useful and important study and 
if implemented will, I am sure, contribute to the progress 
of the profession. But at the same time one is impressed 
with the fact that it deals with but one facet of a very 
much larger problem, a problem that the educators may see 
but can do nothing about. 

A notable study was made of the medical profession about 
40 years ago which culminated in the famous Flexner Report. 
This report has had a profound effect upon the development 
of the medical profession and has strengthened the effective- 
ness of that profession in its services to the community. In 
consequence, it has contributed greatly to the stature of the 
medical profession in the eyes of the community. More 
recently, a similar study has been undertaken in the legal 
profession. It is too early to mark the results but un- 
doubtedly similar benefits will derive from it. 

It would seem clear that everybody stands to gain by a 
well-executed study of this sort. First of all, the com- 
munity would be served by any improvement that could 
be brought about in the functioning of our important 
profession. ‘Those immediately concerned with function, 
namely the employers of engineers and the engineers 
themselves, would profit both individually and collectively 


by such a well-designed and well-executed survey. And 
finally, such a survey should lay the groundwork for im- 
provement and better definition of the engineering pro- 
fession as a whole. 

Who should sponsor such an undertaking as this? It has 
been suggested that each of the professional branches should 
undertake a study of its own. One only needs to recall the 
interweaving of the services of the separate branches, the 
extent to which they have a relatively common background, 
the fact that in many cases their talents and efforts impinge 
upon the same general problems, and the fact that many, 
trained in one branch, actually serve through their pro- 
fessional lives in another branch, to realize that there would 
be duplication, waste of effort, waste of money, and in gen- 
eral, unnecessary confusion if the study were to be made in 
that manner. Furthermore, it seems to me that such a 
study needs background that can be obtained only through 
the guidance of an organization whose principal objective 
is the development of the engineering profession in all as- 
pects. Clearly then, the sponsor for such an operation 
should be the Engineers’ Council for Professional Develop- 
ment. 

What is needed to accomplish such a survey? It would 
seem appropriate to set up an advisory board from the 
engineering profession to give guidance to the inquiry itself. 
This board should represent the various branches of en- 
gineering. It should represent different elements of the 
structure of the profession and different ways in which 
these elements function. It should be as small and com- 
pact as possible. It should report to this Council. Under 
such a board should be organized a competent full-time 
staff to conduct the survey. It should be headed by a full- 
time director. It should be staffed with specialists appro- 
priate to the ditierent lines of inquiry. 

It would be essential that the operation be adequately 
financed, since it is conceivable that the cost of such a 
survey would in the end amount to as much as a million 
dollars. There seems no question, however, that the bene- 
fits to be derived by the community are so great that such a 
sum becomes unimportant in proportion to the benefits. 








Power Company Retires Veteran Turbine 


Retired after 47 years of service by the Virginia Electric 
and Power Company, Richmond, Va., is this pioneer 
3,250-kw steam-turbine generator built by the Allis- 
Chalmers Manufacturing Company, Milwaukee, Wis. 
In 1903, it was significant as the highest rated 1,800-rpm 
machine in the United States. The unit, dubbed the 
“General Lee” by its operators, has delivered up to 5,500 
kw for several hours on peak evening-load duty for many 
years. When inspected three years ago, the unit was 
found to be in good operating condition, as it was at the 
time of its retirement. Maintenance costs on the machine 
over the years have been extremely low, with replace- 
ments over the entire 47 years of service listed on one 
half of a repair index card. 
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National Bureau of Standards 


Preferred Circuits Program 


J. Hi. MUNCY 


The concept of standardization, which has 
been successful in the field of basic electronic 
components, is being extended to cover elec- 
tronic circuits. Steps which have been taken 
in this direction by the National Bureau of 
Standards are described. 


ANY FORMS OF STANDARDIZATION have 
| V been practiced within the electrical and electronics 
industry, with considerable profit both to the con- 
sumer and manufacturer. An example is the adoption of 
National Electrical Manufacturers Association Standards 
for Electric Motors and Generators. The purpose of this 
paper is to point out the need for a form of standardization 
that is somewhat peculiar to the electronics industry and 
particularly to the military equipment manufacturer. 
This need is the standardization of circuit configuration and 
electrical values. The wide latitude in choosing parts and 
configuration within which the electronic designer may 
work can be seen by recalling the resistance-coupled 
amplifier tables as given in the tube manuals. Many 
combinations may be used even in volume production be- 
cause of the ease with which conventional pigtail com- 
ponents are soldered into place. As the electronics manu- 
facturer converts to mechanized production, it becomes 
much more expensive to make changes of component value 
and circuit configuration. 


THE STANDARDIZATION PROGRAM 


A PROGRAM has been undertaken by the National 
Bureau of Standards to assist industry in the standardiza- 


tion of electronic circuits. This program is under the 
sponsorship of the Industrial Planning Division, Bureau of 
Aeronautics, Department of the Navy, and is limited to 
Bureau of Aeronautics equipment; but the concept is 
applicable to many other areas within the electronics in- 
dustry. 

Ideally, all military electronic equipment would be con- 
structed with completely interchangeable subassemblies for 
a large percentage of circuit functions. Certainly, a great 
deal more can be done than heretofore toward attainment 
of this goal: However, certain deterrents are recognized: 
for extremely lightweight, compact, high performance 
designs, the concept of interequipment standard sub- 
assemblies seems to entail too high a penalty; also, manu- 
facturers employ individual construction and assembly 
practices that make such physical standardization pro- 
hibitively slow. 

The existent problem may be more fully comprehended 
by examining circuits in use that perform identical functions. 
There are, for instance, at least eight distance-mark genera- 
tor examples, four of which are shown in Figs. 1 through 4. 
These are taken from equipment in current use except for 
Fig. 1, which is taken from a 1943 design. The applications 
differ only in the spacing of the marks. The spacing is 
controlled by the values of the inductance, capacitance, 
and resistance in the cathode circuit of the second tube. 
These components are usually switched, as several spacings 
are frequently required. These inputs are all derived from 
display gate generators and the outputs are utilized iden- 
tically in display video systems. Each example consists 
of switch tube, Hartley oscillator, shaping stage, and a 
blocking oscillator. The major differences are the shaping 
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Fig. 1. Distance-mark generator 
biased-cathode blocking oscillator 


using multivibrator-shaper, 
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Fig. 2. Distance-mark generator using multivibrator shaper 
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stage and the biasing of the blocking oscillator. The first 
two examples use a modified multivibrator while the others 
use variants of squaring amplifiers with differentiation. 
The multivibrator examples have much better zero-delay 
characteristics than the amplifier examples. The design 
used in Fig. 1 could have been adapted for all these applica- 
tions even though miniaturization required the successive 
employment of miniature and subminiature tubes. The 
preferred circuit, shown in Fig. 5, was derived to cover 
the full range of performance required of all the examples. 

The choice of supply voltage is an aspect of design that 
greatly affects circuit standardization. Supply voltages of 


-300, 150, —150, and —300 seem to be logical choices, inas- 


much as a study showed that they are the most commonly 
used in current practice. 

The reasons may not be apparent to all why many similar 
models of military electronics systems which differ only 
slightly in design are developed and put in use, while 
commercial systems of comparable complexity are usually 
retained relatively unchanged for many years. The para- 
mount factor is, of course, the urgency of incorporating 
newly developed electronic devices that affect only a small 
portion of a system. Such a device might be a tunable 
magnetron in an airborne search radar. The modulator, 
local oscillator, and radio frequency sections would require 
redesign while the receiver, indicator, and synchronizer 
might well remain functionally identical. Another factor 
is changing operational requirements. A new communica- 
tions set may be required to increase the number of channels 
within the same band. The factor of changing aircraft 
or vehicle configuration is always present. A new system 
may represent only a repackaging and miniaturization of 
the older system with very slight or no changes in system 
parameters. If one development activity or engineering 
laboratory were solely responsible for all similar equipments, 
such changes might normally be made without extending 
beyond the parts necessarily affected. But where, as often 
happens, the design of the revised equipment falls to a 
different group or organization, extensive changes in the 
supposedly unaffected parts of the system are often made. 
There is, of course, no way to insure this continuity of 
design effort. New suppliers may be successful in bidding. 
Also, within one company there is not necessarily a con- 
tinuity. Changing workloads and company growth have 
frequently necessitated the assignment of the problems to 
different groups of engineers. 

The National Bureau of Standards’ program was initiated 
with a feasibility study to determine the degree of similarity 
of individual electronic assemblies. Surprisingly, it was 
found that a great deal of agreement has been reached be- 
cause of reasons of design efficiency. Among the character- 
istics considered were bandwidths, interconnecting ampli- 
tude levels, pulse rates and rise times, and impedance levels. 
By study of a number of systems that represent the largest 
procurement dollar volume, it was estimated that from 
50 to 70 per cent of like systems are capable of circuit 
standardization. This estimate was based on the number 
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Fig. 3. Distance-mark generator using pentode-amplifier shaper, 
series-triggered blocking oscillator 
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Fig. 4. Distance-mark generator using gated beam-amplifier 
shaper, series-triggered blocking oscillator 
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Fig. 5. Distance-mark generator, National Bureau of Standards 
Preferred Circuit No. 55 


The distance-mark generator is used to generate accurately spaced pulses which 
are mixed into the video amplifier chain to indicate the range of radar echo 
pulses. 


7 to 25 miles! 
60 to 270 volts, negative* 
200 to 2,000 pulses per second 


Distance-mark spacing: 

Input gate amplitude: 

Input gate pulse repetition frequency: 
Delay (input gate to marker): 0.1 to 0.2 microsecond 
Marker amplitude: 30 volts (R15 = 220 ohms) 
All resistances +:10 per cent, except R2, R11, +20 per cent 


Notes: 

7. L, C, and R4 determined by distance-mark spacing selected. 

2. Input gate from Preferred Circuit No. 417 used in tests. 

3. For complete characteristics of blocking@ oscillator, see Preferred Circuit 
No. 47 
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of tube sections. By “like systems” is meant functionally 
similar systems. There can be little circuit standardiza- 
tion between a radar beacon and an interphone amplifier, 
but a high degree of standardization should be possible 
between successive search radars or a remote radar indicator 
and the indicator of the master radar. 

The program does not involve original design work, but 
rather examination of the several methods by which identi- 
cal electronic functions are performed in a large number of 
The several methods are experimentally com- 
pared for advantages and disadvantages, if any. Ranges 
of performance may also be required, such as distance- 
mark spacing. The preferred circuit is usually taken from 
one of these designs with the performance variations allowed 
by component change. It cannot be contended that the 
recommended circuit is the sole or even the best possible 
configuration, but only that it is as good as those in common 
use. 

The designs are checked to insure operation with limit 
or arange oftubes. The choice of limit tubes depends upon 
the characteristic of the tube being used. Transcon- 
ductance, peak emission, cutoff valve, and contact potential 
are representative characteristics. In addition, component 
tolerance studies are made to insure stability under con- 
ditions of component drift. 


systems. 


PREFERRED-CIRCUITS MANUAL 


THE RESULTS of the program are published in the form of 
a “Preferred Circuits Manual’’ which includes the more 
frequently encountered circuits.* A summary of the many 
variations from which the preferred circuit is derived is 
also published as ‘‘Notes to the Preferred Circuits Manual.” 

Since the system of military electronic procurement is 
based upon the contractor’s having complete responsibility 
for the delivered equipment, this program does not have 
as an aim the publication of complete definitive standard 
circuits that would be specified by procuring agencies. 
Rather, its purpose is the encouragement of voluntary 
standardization by contractors and development labora- 
tories. The first step is necessarily the establishment of 
such standardization programs within the companies and 
laboratories. Several of the larger electronics concerns 
and at least two Navy laboratories have such programs 
under way. Regarding interservice and intercompany 
standardization, little has been formalized as yet. 

First drafts of the preferred circuits manuals were cir- 
culated in September 1954 to a large segment of the elec- 
tronics industry for comment and suggestions. The re- 
sponse was extensive and, in general, favorable. Ad- 
vantages which appealed to the industry included the 
prospect of greater reliability of the more routine portions 
of over-all designs, reduction of design man-hours on the 
assistant and junior engineering and drafting levels, and 
important savings in the precious supervisory time of senior 
personnel. 


ADVANTAGES 


THE ADVANTAGES of a circuit standardization program 
will depend upon the activity. For the equipment de- 





e 
* To be available as NAVAER 16-1-519 from Superintendent of Documents, U. S, 
Government Printing Office, Washington 25, D. C. 
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veloper, the most important advantage at this time prob- 
ably is the economy of engineering manpower. Not only 
will development time be saved, but also production costs 
will be lowered greatly when and if designers are able to 
utilize identical mechanical subassemblies. Some economy 
would result if the number of component values were de- 
creased and if portions of production drawings were usable 
on several production runs. For the military services the 
advantages are primarily lowered procurement cost and 
maintenance economy. The’ logistics of supply will be sitn- 
plified, but the chief economy will be in maintenance 
training and maintenance time. Inasmuch as _ repair 
crews are usually responsible for several similar equip- 
ments, it would expedite their efforts to work with familiar 
circuits. 

From the concept of reliability there are other eventual 
advantages. It should be possible to establish good design 
practices or at least a higher level of quality for designs. 
The new or inexperienced engineer will be able to evaluate 
his designs easily against older well-proved designs. 
design mistakes would reach production. Since the design 
engineer will be freed from originating completely new 
circuits, he can concentrate on the execution of the design 
and upon the novel and untried portions of his development. 


Fewer 


Solar Battery Field Experiments 





The 432-cell Bell Solar Battery is being used in experiments 
near Americus, Ga., 135 miles south of Atlanta, for developing 


more and better rural telephone service. The above photograph 
shows a Southern Bell Telephone Company cable repairman 
adjusting the device in order to pick up the prevailing light. 
Silicon disks, each about the size of a quarter and extremely 
sensitive to light, are capable of delivering power at the rate of 
100 watts per yard of effective surface. The solar battery, 
announced last year, is an invention of the Bell Telephone 
Laboratories. 
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HE RELATIVELY NARROW BAND FM com- 
munication receivers designed for use in mobile equip- 
ment are subject to disturbances caused by ignition systems 
in automobiles as well as to other disturbances of a similar 
transient nature. R-f signals are radiated from such ignition 
systems and these noise signals combine with the desired 
carrier to produce impulse-noise interference. When the 
disturbances are of a magnitude considerably greater than 
the desired information signal, and assuming that the 
receiver operates in accordance with the theoretical prin- 
ciples of frequency modulation, the receiver will respond 
only to the transient noise signal for the duration of the 
noise impulses. This results in receiver “blanking.” If 
the disturbing signal is of approximately the same amplitude 
as the desired signal, the two signals combine in the re- 
ceiver to produce sudden changes in phase. These sudden 
phase variations result in large frequency excursions at the 
discriminator and cause shock excitation of the audio section 
of the receiver. Thus, when the interfering signal is 
either greater than or approximately equal to the amplitude 
of the desired signal, information will be lost. It is, there- 
fore, desirable to design the frequency-selective elements 
in such a manner as to minimize this type of interference. 
There is a unique relationship between the transient 
response and the frequency response of the selective circuits 
in the receiver. The particular way in which the selec- 
tivity is obtained makes no difference in this relationship 
as long as only minimum-phase shift networks are con- 
sidered. The transient response for the usual selective 
circuit employed in FM communication receivers takes 
the form of a damped, sine-wave modulated r-f carrier. 
A mathematical function, derived empirically, which 
closely approximates the transient obtained experimentally 
is given by 


sin™ (apt +6) 


e(t)=Kt"e—@ sin wet 
; or (t—D)* 


(1) 

In equation 1, w, corresponds to the center frequency of 
the band-pass and is approximately equal to the frequency 
of the desired carrier, w, relates to the bandwidth of the 
channel (BW = 2w,), the exponential argument a is a 
damping constant of the selective networks, D may be 
considered a delay term which is inversely related to the 
bandwidth (D = 22/BW), and the other constants are 
determined by the number and effective “Q” of the par- 
ticular selective circuits. An illustration of the wave form 
given by equation 1 is shown in Fig. 1. 

Since information will be disturbed as long as the tran- 
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Fig. 1. Assumed transient response for n=3 


sient is greater than or approximately equal to the carrier 
signal, it is desirable to reduce the amplitude of the transient 
as quickly as possible. It has been determined that if the 
frequency response of the selective circuits is such as to 
round the “nose” of the bandpass curve, the “ring,” or 
transient response, will be more greatly damped. Thus, 
in the transient response of Fig. 1, a more rounded band- 
pass would result in greater damping after 210 micro- 
seconds, i.e., the amplitude of the transient would decay 
more rapidly after the initial maximum. This means that 
the time for which the amplitude of the transient will be 
equal to or greater than the amplitude of the desired signal 
will be reduced. 

When the transients are considerably larger than the 
desired signal, a popping sound is heard from the receiver, 
whereas when the two are of approximately the same 
amplitude, a clicking sound is heard. “Clicks” usually 
sound more annoying to the listener, but when the trans- 
mission of intelligence is considered of prime importance, 
it is found that “‘pops,”’ which interfere with the signal for 
a longer period of time, are more disturbing to the informa- 
tion content of the transmitted signal. 

Field tests have indicated that FM receivers haying 
filters with a higher degree of attenuation for the transient, 
i.e., filters with rounded “‘noses,” are subject to less inter- 
ference from impulse noise than receivers having filters 
of a flat-type bandpass response curve. 

Any compensation made in the selective networks of a 
receiver to reduce impulse noise must, of course, take into 
account other types of disturbances such as random back- 
ground, or “white,” noise and the possibility of interference 
from adjacent channels. The information capacity of the 
channel, in the presence of all probable sources of noise, 
must ultimately be optimized for the best results. 
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Laminates for Printed Circuits 


N. A. SKOW 


The three ingredients and the procedures for 
manufacturing metal-clad laminates are dis- 
cussed. Processing methods are varied, but 
most utilize some form of photoetching or silk 
screening. Present and future civilian applica- 
tions of printed circuits also receive attention. 


RINTED CIRCUITRY is a popular subject and 
there are currently more than 20 different methods 
of producing etched or printed circuits. Most of these 

have one part in common; that is, most processes employ 
thermosetting laminated plastics for the insulating me- 
dium. Whether the circuit is reproduced by etching, em- 
bossing, stamping, powder pressing, painting, vapor deposi- 
tion, or plating, the unique combination of properties 
possessed by plastic laminates has made a major contribu- 
tion to this important electronics development. 

Reduced to simple terms, printed circuitry is merely 
a method of wiring electronic circuits without the usual te- 
dious hand labor. Its use permits the manufacturer of elec- 
tric or electronic equipment to produce a large number of 
units in a limited space, to eliminate assembly errors, to re- 
duce the amount of testing required by conventional 
methods, to miniaturize equipment, and to provide rela- 
tively inexpensive plug-in components which will reduce 
cost while providing the consumer with a better product. 
As important as these objectives are, they are not the main 
reason behind the electronics industry’s intense interest in 
etched wiring. The real interest is that printed circuits 
will pave the way to complete standardization of electronics 
parts and complete mechanization of assembly. Méillions 
of dollars have already been spent on standardizing com- 
ponents, so mechanized production or automation will 
soon be more than an industrial dream. 

The base for the metal-clad laminate may be any one of a 
clozen or more varieties. It might be paper, cotton fabric, 
glass fabric, or orlon fabric bonded with phenolic, melamine, 
dialphthalate resins, epoxy, silicone, or polyester resin. 
The base most commonly used, however, is Military Grade 
PBE-P, which is National Electrical Manufacturers 
Assotiation and American Society for Testing Materials 
Grade XXXP. It is made from an absorbent paper 
bonded with a phenolic resin which is modified to give good 
punching and shearing properties. 

The metal used is generally copper which is produced in 
sheet form by a continuous electrolytic process. Most 
of this copper is 0.00135 inch in thickness and some of it is 
0.0027 inch in thickness. The solution side of the copper is 
fairly rough which aids the bonding problem. Aluminum 
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foil is also available and it adheres to laminates more readily 
than copper, but it has one serious handicap; it does not 
lend itself to dip soldering. If some method could be per- 
fected for dip soldering of aluminum foil, it is believed that 
aluminum would replace much of the copper now used. 

The adhesive is the third ingredient in this metal-clad 
laminate and it plays a very important role in the com- 
posite material. 

The procedure for manufacturing a metal-clad laminate 
is briefly as follows: A continuous web of thin paper is 
passed through a solution contajuing a plasticized phenolic 
resin. In an oven, the solvent is removed by heat and the 
resin is advanced from the A stage to the B stage. The 
coated or impregnated paper which is now dry is then cut 
into squares approximately 38 by 38 inches. A few of these 
sheets, perhaps eight or ten, are piled into a stack. On the 
top of this stack is placed a sheet of adhesive film and on top 
of the adhesive film is placed a sheet of copper. The entire 
stack is then cured in a hydraulic press at 1,000 to 2,000 
pounds per square inch pressure and 300 to 340 F heat for 
about 1 hour. This converts the resin to the C stage, where 
it is infusible and insoluble. Usually about 50 such sheets 
are pressed in one press load. There are variations to this 
procedure but roughly that is the process. If desired, the 
copper can be bonded to both sides of the laminate, and it 
often is. 

Making a good laminate is no problem, but producing a 
good metal-clad laminate can be somewhat troublesome, 
and it might be well to consider that problem for a moment. 
What, for example, are the properties demanded of a metal- 
clad laminate? The base must be mechanically strong 
enough to resist bending, vibration, and mechanical and 
thermal shock. During fabrication this combination stock 
may be sawed, punched, routed, drilled, or milled. In use 
the component part may be in aircraft or other military ap- 
plications receiving mechanical and thermal shock and 
vibration. The copper must not part from the laminate. 

The adhesive must provide enough bond strength to hold 
the copper firmly to the laminate. But this is only one of a 
variety of requirements. The adhesive must be heat re- 
sistant. During fabrication of the printed circuit, an 
enamel is baked on the copper at 250 to 300 F for 30 
minutes. In another operation the material is dipped in 
molten solder at 450 to 520 F for 2 to 5 seconds. Also, the 
component parts may be in service at 250 F for months, 
and at no time must the copper blister or lift from the 
laminate. 

The adhesive-laminate combination must have a low di- 
electric constant, low dielectric loss factor, and very high 
insulation resistance and surface resistivity. In some ap- 
plications it must have good arc and flame resistance. 
Furthermore, the combination must have good moisture 
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resistance so as to maintain these good electrical properties 
even when the component is exposed to humid conditions. 
To obtain all these plus values with one adhesive is a 
difficult task. Thermosetting adhesives have good elec- 
trical properties and good heat and moisture resistance, but 
they have poor bond strengths and poor shock resistance. 
The thermoplastic adhesives have good bond strength and 
good shock resistance, but poor heat resistance. For the 
present certain combinations of these resins are used. 


Fabrication of the metal-clad laminate has developed a 
new industry. More than 100 companies offer some type of 
commercial design and fabrication service. Many of these 
companies process a foil-clad laminate exclusively. Al- 
though there are many variations, most processing methods 
utilize some form of photoetching to produce a circuit. 
Methods based on silk screening run a close second in 
popularity. 

Adapted from standard plate-making procedures, photo- 
etching begins with a glass or film negative made from a 
drawing of the required circuit. The surface of the foil-clad 
laminate is thoroughly scrubbed with pumice and water to 
remove all traces of foreign matter and oxide. An acid- 
resistant light-sensitive emulsion is applied to the foil sur- 
face and the coated sheet is then placed in a vacuum print- 
ing frame and exposed through the negative, using carbon 
arcs as the light source. The pattern is then developed in a 
“clod top” enamel which acts as a developer and as a resist 
to prevent etching. ‘The enamel is then baked to harden. 


The next step is to etch away the unwanted copper. 
This is generally accomplished as follows: first, immersing 
the coated foil-clad material in ferric chloride solution, then 
washing it in cold water, dipping it in a neutralizer, then 
giving it a second washing to complete the etching process. 
The removal can also be done electrolytically, but the more 
generally used method is the chemical bath. 


The resist is then pumiced from the pattern and the 
finished sheet may be sawed, sheared, pierced, or blanked 
as required. 

Silk-screen or offset methods are faster and far less com- 
plicated, but they are not particularly suited for fine-line 
work where really sharp definition is required. After 
thorough cleaning, the foil surface is coated with a vinyl 
resist through a silk-screen pattern. When the screen is re- 
moved the panel is baked and etched. 


Other techniques for preparing printed wires are also 
used. These include the stamped-wiring method, the 
plated-wiring method, the embossed-wiring method, and 
the pressed-powder method. In the stamped-wiring 
method, no printing or etching is involved. Instead a 
stamping die is developed. The necessary dies are locked 
together in a plate having built-in electric heating units in a 
standard automatic toggle press. Thin sheets of laminate 
are stacked on the press for automatic feeding. Copper 
foil, coated with a thermosetting adhesive, is aligned on the 
press to be fed through the progressive dies. When the press 
is operated, the dies cut the circuit pattern and press the 
metal wires into the laminate. This process has two ad- 
advantages: it eliminates etching; and parts can be 
fabricated before the circuit is stamped, eliminating the 
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danger of shrinking the laminate through various heating 
operations. Tooling costs, however, are relatively high and 
frequent circuit changes are not economically feasible. 

The plated-wiring method uses an interesting deviation 
that warrants a brief description. In this process the 
laminate is first punched to the desired shape and design. 
The desired circuit is then printed on the panel in silver ink 
to form an electrode. The silver-ink pattern is then copper 
plated. Since the panel may be punched before the 
pattern has been applied, accurate registration is a simple 
matter. Also, those holes which have not been plugged will 
carry the circuit to the other side of the laminate, thus giving 
a continuous conductive pattern on both sides of each panel. 
The disadvantage of this process is the relatively weak bond 
between the copper and the laminate. 


In the embossed-wiring method the copper-clad laminate 
is cured between embossed press plates instead of smooth 
press plates. This leaves hills and dales on the copper-clad 
sheet. The copper-clad sheet is passed through a sanding 
machine and all the copper hills are sanded off. The copper 
dales are left and become the wire pattern. This eliminates 
printing and etching, but unfortunately it does not produce 
fine lines. 


Another method is the pressed-powder process. Silver 
dust is sprinkled over the bare laminate and a hot die is 
pressed against the sheet. The die presses silver into the 
laminate and these lines become the circuit. —The unwanted 
silver dust is brushed away. 


There are other processes, also, but no matter how the 
wires are formed the most interesting operation is now 
described. Every one is familiar with all the tubes, sockets, 
capacitors, resistors, etc., that a radio set contains. Each 
part has to be soldered to the next part and each soldered 
joint is a hand operation. With printed circuitry, this is all 
simplified. The laminate is held with the copper side down, 
the individual parts are placed in the proper holes, the en- 
tire assembly is dipped into molten solder, and the entire 
unit is soldered in one operation which takes but 2 or 3 
seconds. 


As can readily be seen, a great deal of thought has been 
put into techniques for producing printed-wiring boards. 
But in almost every case the board is a laminate, and the 
grade of laminate is usually XXXP. For some applica- 
tions, where cost is of no importance, a glass-base grade 
bonded with epoxy resin or an orlon base bonded with 
diallyl phthalate is used. 


Printed circuits are being used in many military applica- 
tions at the present time and a host of new applications are 
being studied. Most of these are military secrets. 


For civilian applications, printed circuits already are 
being used in radios, television sets, hearing aids, automatic 
signaling devices, and electronic office equipment. It is 
conceivable that printed circuits might be used in clocks, 
household gadgets, telephone apparatus, advertising signs, 
switchgear, and heating panels. 


What the future holds nobody knows, but printed circuitry 
is here to stay and the plastics engineers are ready and will- 
ing to produce any laminate required. 
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Voltage Spread and Its Effect on Equipment 


H. G. BARNETT 


FELLOW AIEE 


HE ADOPTION of higher secondary voltages in com- 

- mercial areas involves careful consideration of suitable 
voltage spreads and, correspondingly, the plausible voltage 
levels for supplying utilization equipment. There is urgent 
need for the industry to select a level that will be generally 
suitable and acceptable, to avoid a variety of voltages in 
various parts of the country and a variety of equivalent 
ratings. 

The comparison of the tolerable voltages for motors and 
fluorescent luminaires with the range of voltage usually pro- 
vided by representative 120/280-volt secondary network 
systems in commercial areas is shown in Fig. 1. The dif- 
ference between the usual range of voltage at the service en- 
trance and that at the utilization devices is about 3 per 
cent, a commonly accepted value. The tolerable voltages 
for 118-volt fluorescent luminaires and 115-volt single-phase 
motors fit very well the usual range of voltage at the utiliza- 
tion devices. A 220-volt 3-phase motor usually will operate 
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Fig. 1. Comparison of tolerable voltages for motors and fluores- 
cent luminaires, with the range of voltage usually provided by 
representative 120/208-volt secondary network systems in com- 
mercial areas 


in the lower range of its voltage tolerance when supplied by 
a 120/208-volt system. Single-phase 230-volt motors are 
not likely to operate satisfactorily within the usual range of 
voltages at utilization points in a 120/208-volt system. 

The comparison of tolerable voltage for motors and 
fluorescent luminaires with voltage ranges that can be 
provided by 265/460-volt and 240/416-volt systems is shown 
in Fig. 2. Both these voltages have been considered for 
commercial-area distribution. The voltage range at the 
service entrance and the utilization devices illustrated for 
both voltage levels is equivalent to that generally obtained 
in 120/208-volt systems. The tolerable voltages for 265- 
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volt fluorescent luminaires and 440-volt 3-phase motors 
bracket the range of utilization voltages for the 265/460-volt 
system. A similarly suitable relationship occurs for 230-volt 
single-phase motors and 236-volt fluorescent luminaires. 
Experience shows that the voltage spread of 114 to 125 
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Fig. 2. Comparison of tolerable voltage for motors and fluorescent 
luminaires, and voltage ranges that can be provided by 265/460- 
volt and 240/416-volt systems in commercial areas 


volts in 120/208-volt systems has a satisfactory relationship 
to the tolerable voltage of utilization equipment. 


CONCLUSIONS 


Corresponding ranges of tolerable voltages for utilization 
equipment show that 253/438 to 277/480 volts and 228/395 
to 250/433 volts are suitable spreads for 265/460- and 240/ 
416-volt secondary voltages. The spread for 265/460 volts 
is favorable to 440-volt 3-phase motors and is suitable to 
265-volt fluorescent luminaires. Considerable experience 
has developed with this voltage in industrial plants. An 
equivalent spread having an upper limit slightly below 480 
volts would be more favorable. The higher voltage more 
effectively uses circuit capacity. The spread for 240/416 
volts is favorable for 230-volt single-phase motors and is 
suitable for 236-volt fluorescent luminaires and appliances. 

Obtaining a suitable spread of utilization voltage involves 
a careful allocation of voltage-drop limits in the various ele- 
ments of the secondary-voltage system. 
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The Appraisal of Delays in ‘Gate Type’? Operation 


IMRE MOLNAR 


MEMBER ATEE 


tis RECENT YEARS an increasing amount of use has been 
made of “gate type” lockout circuits in telephone switch- 
ing systems where a call, in the process of being completed, 
must pass temporarily through one or more control devices. 
Under such conditions, some delay occurs before service 
is given to the component connected to the gate. One of 
the purposes of the gate lockout circuit is to provide an 
equitable distribution of delays, where delays are un- 
avoidable. 

Calls which are delayed may be served either in order 
of their arrivals, or completely at random. In the first case, 
the delays will be completely equitable, but the equipment 
needed is fairly costly. In the second case, no special pro- 
visions are needed, but there is no equity in servicing the calls 
and extremely long delays are possible. Gate-lockout de- 
vices are relatively simple and inexpensive, and the resulting 
delay distribution will be between the two extremes. In 
most cases in practice, the resulting delays will approach 
the distribution with strict sequence service to an accept- 
able degree, and no extremely long delays will be ex- 
perienced. 

Disregarding details in design, a gate-lockout circuit is a 
switching device inserted between a group of sources 
originating calls and a lesser number of channels servicing 
these calls. The gate insures that a set of calls arriving 
prior to a certain instant will be served before subsequently 
arriving calls. The order of service within each set might 
be completely at random, or more often, as a matter of 
practical expediency, in order of precedence. This order 
may be determined by the location of each source in a circuit 
chain containing all sources, or by other arrangements 
prescribed by the details of the circuit design. 

In the operation of a gate system, answers to a number of 
questions are of practical importance, such as the propor- 
tion of delayed calls, the average delay, the distribution of 
delays, the equity and preference in delays, the holding 
time of the gate, the average number of delayed calls, the 
number of gate operations in a given period, the average 
delays outside and inside the gate, the distribution of gate 
holding times, the distribution of calls entering the gate, 
the delays of individual sources, etc. 

There is very little statistical material available to answer 
these questions; furthermore, to undertake a statistical 
study of this problem is a formidable task, considering the 
wide range of parameters involved and the huge sample size 
required to obtain meaningful results at the low probability 
levels which are of practical interest. Instead, it is pos- 
sible to analyze the operation of these gate systems by 
mathematical means, employing the theory of proba- 
bility. 

Such theories for delay problems are available, with 
certain restricting hypotheses, for random and _ strict 
services, respectively. The theory of gate operation is 
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obviously more complex than either of these; however, 
exact answers to several of the above questions can be ob- 
tained by an extension of the delay theory to gate operation, 
assuming the same restricting hypotheses. These are as 
follows: that statistical equilibrium exists; that traffic 
originates from a very large number of sources; that there 
is full availability from sources to channels; that the con- 
nection from sources to gate and to channels is instantaneous; 
that calls are originated at random; that no one source 
is preferred over any of the others as long as they are waiting 
outside of the gate, trough once admitted to the gate they 
may be served in a certain fixed order of preference assigned 
to each source; and that calls enter the gate only when all 
channels are busy or if other calls are waiting. The answers 
to the remaining questions, to an accuracy sufficient for 
engineering purposes, can be obtained by employing 
numerical factors derived by interpolating judiciously 
between the random and strict sequence theories. 

Such an analysis shows that the proportion of delayed 
calls, the average delays, and the average number of wait- 
ing calls are independent of the method of serving the calls. 
Therefore, they are the same for gate operation as for random 
or for strict sequence service. The average number of calls 
entering the gate is the same as the average number of wait- 
ing calls. The gate is occupied for a period less than the 
period during which all channels are occupied, in propor- 
tion to the per-cent occupancy of the channels. The number 
of gate operations is equal to the ratio of the total number of 
delayed calls to the average number of calls admitted to the 
gate. On the average, a call spends half its delay outside 
and half inside the gate. The distribution of gate-holding 
times follows the same law as the distribution of delays with 
strict sequence service. The distribution of the number of 
calls entering the gate follows the same law, by specifying 
a certain relation between the number of calls entering the 
gate and the gate-holding time. The distribution of delays 
can be obtained from the distribution of delays for strict 
sequence service by the application of a multiplier, varying 
from 1.0 to 1.3. The former applies to low channel occu- 
pancies and high probability levels, the latter to high 
channel occupancies and low probability levels, and will 
lead to conservative engineering. In general, with in- 
creasing number of channels, or with decreasing occupancy 
of the channels, gate-sequence service becomes indistinguish- 
able from strict-sequence service. Practical examples 
demonstrate the performance of gate systems adapted for 
widely divergent applications, such as the common control 
automatic telephone systems or the answering of calls by 


operators. 
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INSTITUTE ACTIVITIES 


Bust of Guglielmo Marconi Presented 
to AIEE by Sculptor Pietro Montana 


A BUST of Guglielmo Marconi, executed 
by the noted Italian sculptor Pietro Montana, 
was presented by him to the AIEE in a 
brief ceremony in the lobby of the Engineer- 
ing Societies Building, New York, N. Y., 
October 11. The bust will be placed in the 
Engineers’ Hall of Fame, along with the 
portraits and sculptures of other great en- 
gineers and scientists. 

The bust was received in behalf of the 


Institute by AIEE President Morris D. 
Hooven. Witnessing the ceremony were 
representatives of the Italian Embassy; 
the children of Marconi, Mrs. Gabriel 
Paresce, of Washington, D. C., and Giulio 
Marconi, of Italy; and officials and repre- 
sentatives of the engineering societies who use 
the Engineering Building. 

H. S. Osborne, chairman of the AIEE 
Volta Scholarship Trustees, as master of 


THE AIEE VOLTA SCHOLARSHIP Trustee Chairman, H. S. Osborne (left), is shown 
speaking at the presentation ceremonies. Mr. Montana and Mrs. Paresce stand beside 


the bust of Marconi. 
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Institute Activities 


Unveiling the bust of 
Guglielmo Marconi. 
From left to right: 
Pietro Montana; Mrs. 
Paresce; * ae 33 
Hooven; Giulio Mar- 
con; and Vittorio 
Tvella. 


THE BAS-RELIEF shown above is in Freeman Hall, 
Fordham University, New York, N. Y., and was 
also executed by Pietro Montana. It was pre- 
sented to the university by the Italian Profes- 
sional Women of America. 


ceremonies, stated that this gift united the 
AIEE with the engineers of Italy. He told 
about the Volta Scholarship by which a 
young Italian graduate engineer annually is 
brought to the United States for a year’s 
study in an American engineering college. 
The present Volta scholar is Guiseppe Biorci, 
a student at Massachusetts Institute of 
Technology. 
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THE BUST OF GUGLIELMO MARCONI (1874-1937) presented to 
the AIEE on October 11, 1955 by Pietro Montana, the sculptor. 
Marconi’s son, Giulio Marconi, posed for the bust. The bust was used 
as a model for the bas-relief shown on page 1096. 


Mr. Osborne introduced Vittorio Ivella, 
the secretary of the Italian Embassy, who 
said that Marconi symbolizes scientific prog- 
ress for his daring discoveries, and he ex- 
pressed his appreciation on behalf of his 
countrymen for the addition of the bust to 
the Engineers’ Hall of Fame. 

Mr. Osborne then said that Marconi had 
been made an Honorary Member of AIEE on 
August 14, 1917 ‘*. . . in recognition of his 
contributions to electrical engineering and 
its applications, notably. commercial 
application of radiotelegraph.” 


After Mr. Montana’s presentation speech 
President Hooven, in thanking the sculptor, 
said that Italy had provided us with a 
background of science, typified by the dis- 
coveries of Galileo, Leonardo da Vinci, 
Alessandro Volta, and others” through the 
centuries. He said that Marconi was the 
founder of the electronic age—that his con- 
cept of and insight into the electrical art 
were boundless. For instance, in the year 
1922 it was Marconi who forecasted radar 
when he observed ‘‘a bouncing back of wire- 
less waves.” 


Board of Directors Holds 
Regular Meeting in Chicago 


THE AIEE BOARD OF DIRECTORS 
held its annual Fall Meeting in connection 
with the Fall General Meeting at the 
Morrison Hotel, Chicago, Ill., on Thursday, 
October 6, 1955. 

Attending were President M. D. Hooven, 
Past President Elgin B. Robertson, Directors 
Donald I. Cone, M. S. Coover (part time), 
J. H. Foote, L. F. Hickernell, R. E. Kistler, 
E. S. Lammers, T. M. Linville, A. C. Muir, 
C. S. Purnell, J. D. Tebo, P. G. Wallace, 
J. C. Woods; Vice-Presidents B. G. Ballard, 
Bradley Cozzens, G. J. Crowdes, E. R. 
Jones, W. J. Miller, J. P. Neubauer, C. T. 
Pearce, S. M. Sharp, J. C. Strasbourger, 
C. M. Summers; Treasurer W. J. Barrett; 
Secretary N. S. Hibshman. By invitation: 
W. B. Morton, Chairman, Committee on 
Student Branches and AIEE Member of the 
Executive Committee, Engineers Joint Coun- 


cil (EJC). 
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The first order of business was the passing 
of resolutions expressing the regret of the 
board and extending sympathy to the family 
on the death of Director E. W. Seeger on 
August 28, 1955. (See “‘Obituary”’ section, 
Electrical Engineering, October 1955, page 
947.) 


Board of Examiners 


The board took action approving the 
election of new members and the advance- 
ment of members in grade with the result 
that the following additions were made to the 
rolls of the Institute: 176 Members, 395 
Associate Members, 49 Affiliates, and 45 
Student members. 

Unanimously elected to be invited to the 
grade of Fellow were David Beach Smith, 
vice-president in charge of research, Philco 
Corporation, Philadelphia, Pa., who was 
cited “for his work in establishing national 
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color television standards and for his con- 
tributions to the radio and television arts,” 
and Closman Paul Stocker, president and 
general manager, Lorain Products Corpora- 
tion, Lorain, Ohio, who was cited ‘“‘for his 
development of static ringing machines and 
dial tone generators.” Pictures and bio- 
graphical sketches of these two additions to 
the list of Fellows are included under 
““AIEE Fellows Elected” (pages 1110 and 
1112). 


Finances 


The treasurer reported that the balance in 
the general funds in the Institute was 
$389,808.08, as compared with $231,946.09 
on the same date last year. 

Good news came with the Finance Com- 
mittee which included comparisons of the 
receipt rate of dues income, as follows: 


1954 1955 
Dues Collected First 5 Months $465,121 $614,899 
Total Dues Income for the Year 527,172 700,000* 
Per Cent Collected (May 
through September). . * 88.23% 87.84% 


*Budgeted 





Resignations to date number 712. as 
against 303 for the same period last year. 
This is regarded as well within expected re- 
actions to the recent increase in dues. 

On motion of the Finance Committee, the 
board confirmed the effective date for the 
increase in registration fees at General and 
District Meetings as January 1, 1956. The 
basic action was taken originally at the 
meeting of August 17, 1955 setting the regis- 
tration fees for members at $5 for General 
Meetings and $3 for District Meetings and 
for nonmembers at $5 for District Meetings 
and $8 for General Meetings. 

The board also voted to refund the differ- 
ence between the nonmember and member 
registration fees to nonmembers who join the 
Institute within 30 days after the meeting at 
which the nonmember registration fee was 
paid. 


Proposals and Bylaws 


The board reviewed the schedule for 
future General and District Meetings as 
published in the September issue of Electrical 
Engineering, page 852, and discussed several 
invitations for additions to the schedule but 
postponed action until a later meeting. An 
effort is being made to build the General and 
District Meeting Schedule 5 years in advance 
so that the pattern can be controlled by the 
Institute rather than the chance availability 
of hotel space. 

A proposal to amend the Bylaws to remove 
the restrictions on exhibits in conjunction 
with General Meetings of the Institute was 
favorably discussed and referred for com- 
mittee study and recommendation. 

An article on the results of the 1955 
Membership Opinion Poll conducted by the 
interview-sampling method was promised for 
the January issue of Electrical Engineering. 

More polls or questionnaires are indicated 
for the near future by the need of the Com- 
mittee on Technical Operation and the 
Publications Committee for better knowledge 
of the facts about the membership and its 
wishes and opinions. 


Other Activities 


A report of the Student Branches Com- 
mittee relative to the program for 1955-56 
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was received, including a review of the 
September 9th meeting of the AIEE-IRE 
Student Branch Co-ordinating Committee 
which was attended by the presidents of the 
two Institutes. 

Reports were heard on the activities of the 
Engineers Joint Council relative to the Gen- 
eral Assembly planned for January 26-27, 
1956, on the theme “‘Developing the Young 
Engineer”; and the Nuclear Congress to be 
held December 12-16, 1955 in Cleveland, 
Ohio. 

President Hooven outlined the activities 
of the Engineering Manpower Commission 
of EJC in connection with the new reserve 
act which contains special provisions for 
scientists and engineers subject to Selective 
Service. 

President Hooven, who is also Vice-Presi- 
dent of The Engineers’ Council for Profes- 
sional Development, reported on the forth- 
coming 23rd Annual Meeting of Engineers’ 
Council for Professional Development (EC- 
PD) at Toronto, Ont., Canada, October 13- 
14, 1955 and the various problems confront- 
ing that organization. (See page 1105 for 
summary of meeting.) AIEE representatives 
are active in all phases of ECPD work. An 
expansion of the American Society of Engi- 
neering Education (ASEE) “Evaluation of 
Engineering Education” is contemplated. 

The board received an invitation to be 
represented at the 100th Anniversary of the 
Verein Deutscher Ingenieure in 1956. It 
also authorized the Committee on Technical 
Operations to proceed in co-operation with 


the Sections and Districts to make plans for 
honoring Benjamin Franklin in 1956, which 
is the 250th Anniversary of his birth, and also 
Nicola Tesla on the centennial of his birth 
in the same year. 


Appointments 


Dean M. S. Coover of Iowa State College 
was elected to fill the vacancy created by the 
death of Director E. ‘W. Seeger. 

The following were elected as the board’s 
representatives on the AIEE Nominating 
Committee, which will hold its Annual 
Meeting on January 30, 1956 in New York; 
J. H. Foote, E. R. Jones, R. E. Kistler, T. M. 
Linville, J. C. Woods. The following were 
elected to act as alternates to serve in the 
event that one of the five delegates to the 
board should be unable to attend the meet- 
ing; C. T. Pearce, C. S. Purnell, S. M. 
Sharp. 

The board then elected Dean M. S. Coover 
to be a Member of the Edison Medal Com- 
mittee and of the Lamme Medal Committee, 
and approved his appointment to the Com- 
mittees on Registration of Engineers and 
Transfers to fill the vacancies left by the 
death of E. W. Seeger. 

A 15-man Special Task Committee has 
been organized by the Five Societies to make 
another effort to reach agreement on a loca- 
tion and other problems related to a new 
Engineering Societies Center Building. 
AIEE is represented by E. S. Fields of Cin- 
cinnati, Ohio; J. E. Housley of Alcoa, 
Tenn. ; and L. M. Robertson of Denver, Colo. 


Fall General Meeting Sessions 


Held in Chicago, IIl., October 3-7 


THE AIEE FALL GENERAL MEETING 
was held in Chicago, Ill., October 3-7, 1955, 
with headquarters at the Morrison Hotel. 
Approximately 1,750 members, guests, and 
students attended. This was the second of 
the three Fall General Meetings to be held 
in Chicago, the last being scheduled for 
October 1-5, 1956. 


A variety of subjects was discussed in the 
39 technical sessions, with special attention 
being given to communications system en- 
gineering, distribution, closed-circuit tele- 
vision, etc. 

On the social side, there was a “Get 
Acquainted Tea” on Sunday afternoon be- 
fore the sessions got under way next day. 


LOOKING OVER THE PROGRAM at the Fall Meeting are (left to right): R. B. Gear, chairman of the Chi- 
cago Section, who presided and opened the meeting; A. V. Kahler, president, Illinois Bell Telephone 


Co., who gave the welcome address; 


J. A. Hutcheson, vice-president, Westinghouse Electric Corp., 


who also spoke at the General Session; and F. A. Cox, general chairman of the committee for the meeting. 
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Monday evening there was a Smoker held in 
conjunction with the National Electronics 
Conference at the Morrison Hotel, and the 
following evening the two groups joined 
again in a Dinner-Dance at the Sherman 
Hotel. The ladies had a full and varied 
program, visiting many points of interest in 
the city. 


General Session 


Mr. Robert Gear, chairman of the Chicago 
Section, presided and opened the meeting 
with a request for general support of both 
the AIEE Fall General Meeting and the 
National Electronics Conference which were 
going on simultaneously at the Sherman 
Hotel. Mr. Francis A. Cox, general chair- 
man of the 1955 Fall Meeting, introduced the 
members of the committee and thanked them 
for their services. 

Mr. Gear introduced Mr. Kahler of the 
Illinois Bell Telephone Company, who made 
the address of welcome, and then introduced 
Morris Hooven, president of AIEE. (Mr. 
Hooven’s talk appears on page 953, Novem- 
ber 1955 issue of Electrical Engineering.) 

Mr. J. A. Hutcheson, vice-president in 
charge of research and engineering, Westing- 
house Electric Corporation was the principal 
speaker. He stated that the Chicago Section 
was organized in 1894 and began having 
regular meetings in 1902. He enumerated 
and illustrated the progress that has been 
made in the electrical arts and industries 
in the past 50 years. 

The over-all efficiency of several generators 
has increased threefold since 1902; their 
weight and cost is about one-third as much 
per kilowatt-hour as in 1902. As far 
as the generator itself is concerned, its 
weight per kilowatt is only one-quarter 
what it was 50 years ago. Transformers 
have about half their former weight; core 
loss is about a quarter as much as it was then; 
the efficiency is markedly higher, and they 
cost about half what they did in 1902. 
Electric motors weigh and cost about one- 
quarter as much per kilowatt rating as they 
did in 1902. Incandescent lamps produce 
twice the light output as they did in 1915. 

Mr. Hutcheson’s opinion is that most 
equipment looks and operates much the same 
as it did 50 years ago; the big difference is 
in the use of materials. The new turbine 
blades are. made of a material in which iron 
is regarded as an impurity. The yield 
strength of the material used for turbine 
rotors is double that of a few years ago. 
Silicon iron has been used in transformers 
since 1906, but the big difference today is 
that it is grain oriented. In 1906 only 
carbon-filament incandescent lamps were 
available. Tungsten lamps were developed 
about 1926; then the coil filament and, finally 
the coiled-coil filament. 

When the U.S.S. Nautilus, the Navy’s first 
atomic submarine, was built trouble was 
experienced with corrosion. The operating 
elements were imbedded in zirconium and 
it was found ultimately that the corrosion 
was the result of the presence of one part in 
a million of an impurity in the zirconium. 
The metallurgical improvement of materials 
in the last few years has been remarkable. 
It is only in the past 15 years that metallurgy 
has become a science; before this time it was 
more of an art. One part in a million of 
impurities will change the strength and 
characteristics of many metals. 
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The new development, of course, is that 
of solid state physics. It took about 10 to 15 
years to understand and develop the vacuum 
tube; this is also true of transistors. A new 
discovery is the Hall effect by which the 
magnetic field under certain circumstances 
changes the conductivity of a conductor. A 
reverse thermocouple refrigerator is now a 
possibility and, except for the fact that it is 
only about half as efficient as the compressor- 
type refrigerators, is a practical reality. 
Electroluminescence has developed recently 
in such a way that it now seems possible to 
light a room by simply passing a current 
through the surface of a wall itself and the 
whole room becomes luminescent. 

An interesting new development is cryo- 
genics, which means the science of low tem- 
perature, such as — 159 degrees where super 
conductivity occurs. As much as 8,000 
amperes can be induced in a lead ring and 
the current will flow around the ring for a 
couple of weeks without diminution. On the 
other hand, passing a magnetic field through 
the material will stop it quickly. This opens 
the possibilities of conductivity control by 
the immersion of components in liquid nitro- 
gen. 

Automation is a broad term and often 
loosely used. Actually, we have automation 
if the term means automatic production. A 
lamp factory now turns out 10 lamps per 
second which represents already a high 
degree of automation. 

In nuclear physics, the prospects of con- 
trolled fusion reaction seem likely. There is 
a possibility that we will be able some day 
to convert directly from nuclear energy to 
electrical energy. The United States Navy 
is now designing surface vessels to use nuclear 
power; the Air Force is also experimenting 
with nuclear power in an airplane; and the 
prospect of using it for direct heating are 
being developed. 

One of the interesting future studies is the 
effect of radiation on materials. It seems 
possible that atomic radiation can be used 
to change the properties of material. 


Technical Sessions 


Insulated Conductors. Three papers were 
presented on rubber insulation which were 
considered to be timely. These were in the 
5- to 25-kv range, and some indication was 
given that developments in this field tended 
toward an extension of the upper limit in 
the near future. One paper was given on 
the electrical breakdown of fully impregnated 
paper insulation for high-voltage cables that 
was considered valuable as a stimulus to 
research in this field. 


X-ray Engineering. Four conference papers 
were presented at this session, one of the 
most interesting being on image amplifica- 
tion in cineradiography. With this develop- 
ment, motion pictures of the human body 
can be made with a lower radiation level 
and, because of the greater intensity of the 
pictures, motion can be stopped. In the 
industrial field pictures can be made through 
1 inch of steel. 

A phototimer that is dependent on X-ray 
radiations for its functioning was described 
by R. Godbarsen, Jr., General Electric Com- 
pany. The timer is placed in the area of 
greatest interest, for example, in a chest 
X-ray picture, it is placed over the central 
lung area so that the heart shadow does 
not interfere. This X-ray detector depends 
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on the film density and works into a photo- 
multiplier tube and thyratron in the timing 
circuit. 

Closed Circuit Television. Six papers were 
presented in two sessions. The paper, “‘De- 
velopments in Closed Circuit Television,” by 
M. H. Kraus, Jerrold Electronics Corpora- 
tion, described the installations at Fort 
Monmouth, N. J., and the Case Institute of 
Technology. (See pages 974-79, November 
1955 issue of Electrical Engineering.) In the 
ensuing discussion, it was revealed that Sig- 
nal Corps students learn more from “live” 
television lectures than from moving-pictures. 

Similar results were described by Dr. 
Michael Klein at the University of Kansas 
Medical Center, where medical students 
and interns are instructed by closed-circuit 
television. Any unusual and difficult opera- 
tions are sent from the operating theatres 
to television receivers in classrooms and other 
locations in the hospital. 

A highlight of the afternoon session was the 
mvving-picture film depicting some of the 
work at the National Institutes of Health 
which has been assisted greatly by the use of 
closed-circuit television. Dr. M. C. Brown, 
who directed the work, explained that it was 
being used in ways that are considered 
unorthodox today, but their results show 
promise. A series of microphotographs of 
the human retina were shown in color, which 
were considered to be an innovation in color 
television. 

The question was asked about the relative 
evaluation of color and monochrome tele- 
vision in instructional programs. Dr. Brown 
stated that about 10 per cent of a large group 
had favored color television, the rest were 
contented with black-and-white images. Dr. 
Klein agreed with the survey, although 
much of the program was on surgical op- 
erations. . 


Wire Communications. Television technology 
has reached the stage where all equipment is 
subject to review to improve its performance. 
This was emphasized in a paper, “Local 
Television Facilities and Their Performance,” 
by J. H. Enenback, Illinois Bell Telephone 
Company. In discussing “streaking” and 
“smearing,” he said that the former was a 
brightness error in the picture resulting from 
vagaries in the frequency and phase response 
of the transmission system below 200 kc., and 
that smearing was a similar distortion but 
different in extent. 

In a companion paper, H. R. Stevens, also 
of Illinois Bell Telephone Company, de- 
scribed frequency-attenuation equalizers 
which prevent distortion by attenuating 
frequency gain. 


Design of Digital Computers. A project con- 
ceived in 1950 to obtain an additional re- 
search tool to supplement existing computer 
facilities, and to aid students and staff of the 
University of Wisconsin in the problems of 
computer design, construction, and main- 
tenance, was described by members of the 
university’s electrical engineering staff in a 
paper, “The Wisconsin Integrally Synchro- 
nized Computer—A Research Project.” Con- 
struction started in 1952 and testing this fall. 
A working computer of unique design has 
been developed, simple to program, and 
sufficiently moderate in cost to be within the 
means of many institutions hitherto unable to 
justify a computer in its budget. Results 
in education and experience are reported to 
be invaluable. 
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System Engineering. J. H. Rixse, Jr., Rural 
Electrification Administration (REA), stated 
in his paper that system planning in the 
REA has become one of the most funda- 
mental requirements. There are now 1,076 
REA systems operating over a million miles 
of line, serving 4.25-million customers. 
These systems have borrowed some $3 billion 
from the Federal Government and 81 per 
cent of this is invested in the distribution 
plant. He foretold that energy requirements 
will double in 10 years and triple by 1975, 
and that these estimates increase the im- 
portance of system planning. 

F. A. Cox, was the general chairman of the 
Fall Meeting Committee, with W. M. 
Ballenger, vice-chairman, H. R. Stevens, 
secretary, and R. W. Jones, treasurer. 
Chairmen of the various meeting committees 
were: M. J. Adams, dinner-dance; F. A. 
Larson, entertainment; F. M. Scott, finance 
and budget; E. R. Whitehead, general meet- 
ing; E. H. McNeill, hospitality; G. L. 
Welch, hotel arrangements; A. W. Kramer, 
publicity; G. E. Buchanan, registration; 
M. J. O’Laughlin, sale of papers; E. H. 
Finch, smoker; R. M. Bergslien, program; 
D. C. Pearcy, trips and transportation; 
Mrs. R. B. Gear, ladies activities; Mrs. 
F. A. Cox, reception tea; Mrs. F. A. Larson, 
registration desk; Mrs. M. J. Adams, ladies 
coffee hour; Mrs. E. H. Finch, ladies dinner ; 
Mrs. H. R. Stevens, luncheon; and Mrs. W. 
E. Bergmann, tea. 


Charles Erwin Wilson Receives 
the Washington Award for 1955 


Charles Erwin Wilson, Secretary of Defense, 
has been selected to receive the 1955 inter- 
nationally recognized Washington Award for 
his “significant leadership in engineering and 
management and for his altruistic devotion 
to national defense.” 

The Washington Award Commission is 
sponsored by the AIEE, American Society of 
Civil Engineers, American Institute of 
Mining and Metallurgical Engineers, Amer- 
ican Society of Mechanical Engineers, and is 
administered by the Western Society of 
Engincers of Chicago. Since the Award 
was founded by John W. Alvord in 1916, an 
engineer has been selected each year whose 
contributions to society have gone far beyond 
the fields of engineering and science. The 
first recipient of the award in 1919 was 
Herbert Hoover (AM ’29). 

During World War I, Charles Wilson was 
sent to Washington and designed and de- 
veloped radio generators and dynamotors 
for the U. S. Army and Navy. He also de- 
veloped a primitive crystal set, grand-daddy 
of the “walkie-talkie” for the infantry, and 
a little generator designed for wing mounting 
on the 1918 planes. He also designed the 
electrical equipment for the Army’s “B” 
truck. 

He made many contributions to the 
development and production of automotive 
electrical and ignition systems, and has held 
the top executive post of General Motors. 

Charles Wilson has exerted a tremendous 
influence in improving the relations between 
management and labor. His “escalator” 
clause in long-term labor contracts and his 
“improvement factor” to increase labor’s 
share in technological improvements changed 
the national thinking on labor relations. 
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43 AIEE Technical Committees 
Plan 1956 Winter General Meeting 


AGAIN THIS YEAR the Hotels Statler and 
Governor Clinton, New York, N. Y., will be 
used for the Winter General Meeting, 
January 30 to February 3, 1956. 

As this issue goes to press 109 technical 
sessions are being planned by the 43 tech- 
nical committees of the Institute. The 
committees on Rotating Machinery and 
Transmission and Distribution have an- 
nounced six sessions each. In addition, 
there will be Switchgear, Power Generation, 
Transformers, Protective Devices, Substa- 
tions, Insulated Conductors, Carrier Cur- 
rent, System Engineering and Relay sessions, 
all in the Power Division. 

Committees in the Communication Divi- 
sion have completed their preliminary plan- 
ning and have announced sessions on Com- 
munication Switching Systems, Special 
Communications Applications, Telegraph 
Systems, Information Theory, Radio Com- 
munications Systems, Wire Communica- 
tions Systems, and Television and Aural 
Broadcasting Systems. In addition these 
last two committees have announced joint 
sessions with Transmission and Distribution, 
and Production and Application of Light 
Committees, respectively. 

In the Industry Division technical meetings 
on Industrial Power Systems and the Metal 
Industry, Electric Welding, Chemical Indus- 
try, Industrial Power Rectifiers, Industrial 
Control, and Petroleum Industry and Feed- 
back Control Systems are being organized. 

The following committees in the Science 
and Electronics Division are also organizing 
sessions on Metallic Rectifiers Basic Science: 
Instruments and Measurements, Solid State 
Devices, Dielectrics, Computing Devices, 
Magnetic Amplifiers, Electronics, Electrical 


1100 


Techniques in Medicine and Biology, and 
Nucleonics. 

Other meetings announced by committees 
in the Applications Division are on Land 
Transportation, Domestic and Commercial 
Applications, Production and Application of 
Light, and Marine Transportation. Among 
the general committees of the Institute 
sessions are being organized on Ethics, 
Management, Safety, Education, and Re- 
search, 


Hotel Reservations 


Blocks of rooms have been set aside at the 
Governor Clinton, Statler, and nearby 
hotels for members and guests attending the 
meeting. Requests for reservations should 
be sent to the hotel of your choice, specifi- 
cally referring to the AIEE meeting in your 
letter. Please do not write to more than one 
hotel. If your request cannot be filled, the 
hotel will automatically refer your request to 


Informal Tea 


This social gathering before the 
formal program begins has _ been 
enjoyed by more and more people 
each year. Make it a point to attend 
this year—Sunday afternoon, January 
29, from 4 to 6 p.m., in the Georgian 
Room of the Statler. There will be 
no charge. 

During this period the registration 
facilities will be open for those wishing 
to avoid the Monday morning rush. 
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Air View of the U. S. Mer- 
chant Marine Academy, Kings 
Point, Long Island, N. Y. An 
inspection trip is scheduled during 
the Winter General Meeting. 


the Hotel Accomodations Committee whose 
duty it is to obtain a similar reservation at 
another of the convention hotels for you. 
The hotel will confirm directly to you. No 
guarantee that you will be housed satisfac- 
torily can be made if your request is received 
after January 16, 1956. 

Because of the crowded conditions in New 
York hotels, it is suggested that your reserva- 
tion be made for arrival on Sunday, January 
29, 1956, thereby avoiding delays in registra- 
tion or unavailability of rooms in the early 
morning of subsequent days. It is also 
suggested that a request for reservation prior 
to Christmas is more likely to be filled at the 
hotel of your choice. 

Rooms have been allotted for our use by 
the following hotels at the daily rates indi- 
cated below: 


Hotel Statler (meeting headquarters), 7th Avenue, 
32nd to 33rd Streets 

Single room... . 

Double room. . . 

Twin bedroom. . 


$ 7.00 to $11.00 
10.00 to 14.00 
10.50to 18.00 
29.00 to 30.00 


Hotel Governor Clinton (also used for meetings), 7th 
Avenue at 31st Street 

Single room. . . 

Double room. . 

Twin bedroom 


$ 6.00 to $11.00 
8.50to 14.00 
10.00 to 16.00 

Hotel McAlpin, Broadway and 34th Street 

Single room $ 5.50 to $10. 5( 

Double room... . 8.00to 15.00 

Twin bedroom, .... 9.50to 15.50 


Hotel Commodore, Maen Avenue and 42nd Street 
Single room ; $ 6.00 to $11.50 
Double room 9.50to 14.00 
Twin bedroom..... é 11.00to 17.00 


Hotel Martinique, ee and 32nd Street 

eee $ 5.00 to $11.00 
Double room. . 8.00to 14.00 
Twin bedroom... .. akin aa" « midiisiaie 8.00to 14.00 


All rooms have private bath and the rates 
quoted are subject to a 5 per cent New York 
City hotel room tax. 

There will be no rooms available at the 
New Yorker or Roosevelt this year due to 
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conflicts with other meetings, but allotments 
have been increased at other hotels accord- 


ingly. 
Theater Tickets 


As in the past, tickets to the following 
shows currently playing in New York will be 
available to AIEE members during the week 


of the meeting. All prices shown are 
brokers’ prices. 
Evenings Matinees 
M,T,W,T F,S Ww 
A View from the Bridge. .. .$6.85....$6.85.. .$5.15 
Arthur Miller with 
Van Heflin, J. 
Carrol Naish 
PE na che Gin sou 5.70 6.85... ¥*5.15 
William Inge with 
Kim Stanley 
DOR 66.5 sisi nd o'td's as en © kee a > 5.40 


Walter Slezak, 
Nicola Moscona 
Inherit the Wind.......... 5.70.... 6.85... 5.15 
Melvyn Douglas 
The Pajama Game........ 
Helen Gallagher, 
John Raitt 
Plain and Fancy...... 00:5. Rie. $125 
Richard Derr . 
Silk Stockings. ....... 8.60 8.60... 5.90 
Cole Porter with Don 
Ameche, Hildegarde 
Neft 
The Tea House of the 
August Moon...... 5.70 
Eli Wallach, John Beal 
Tiger at the Gates....... 6.85.... 6.85 5.15 
Michael Redgrave 
Witness for the Prosecu- 


ao 


.00 . 8.00. 5.15 


a 


Agatha Christie with 
Francis L. Sullivan, 
Patricia Jessel 


*Mats. Thurs, 


Checks should be made payable to: 
‘Theater Ticket Committee, AIEEE.” Re- 
quests also should include first and second 
choice of both name and date of show, and 
should be sent to: Theater Ticket Com- 
mittee, AIEE, c/o S. Friend, Jr., 75 Buena 
Vista Drive, Dobbs Ferry, N. Y. 


Smoker Committee 


A highlight of the Winter Meeting will be 
the Smoker to be held on Tuesday evening 
January 31, 1956. Good food, good fellow- 
ship, and top quality entertainment will fea- 
ture this event which will be held in the 
Hotel Statler. 

Attendance will be limited to improve the 
comfort of guests and ticket requests should 
therefore be made at an early date. They 
should be addressed to D. Halloran, Room 
1250 S, 4 Irving Place, New York 3, N. Y., 
and should be accompanied by checks made 
payable to “AIEE Smoker Committee.” 
The ticket price will be $10 per person. 


Dinner-Dance 


A Dinner-Dance and President’s Recep- 
tion will be held on Thursday evening, 
February 2, in the Grand Ballroom of the 
Hotel Statler. General arrangements will 
be the same as those which proved so enjoy- 
able last year. Dress will be formal. Plan 
now and write soon for tables for 10 or indi- 
vidual places. Address requests to: E. J. 
Doyle, American Telephone and Telegraph 
Co., 195 Broadway, New York 7, N. Y. 
Make checks payable to “AIEE Dinner- 
Dance Committee.” 
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Conference Papers Open for Discussion 


Conference papers listed below have been accepted for AIEE Transactions and are 
now open for written discussion until December 37. 
written copies of each discussion should be sent to Edward C. Day, Assistant Secre- 
tary for Technical Papers, American Institute of Electrical Engineers, 33 West 39th 
Street, New York 18, N. Y., on or before December 37. 


Transfer Function and Parameter Evaluation for D-C Servomotors. 


Simplified Test Method for the D-Axis Transient Reactance and Time 


55-699 Nontracking Organic Insulations. 
A. A. Kessel 
55-704 
G. J. Thaler, W. A. Stein 
55-828 A Transistorized Overvoltage Relay. 
55-836 
Constant. C.F. Yohe 
55-837 


Maximum Overvoltage on Aircraft A-C Generators After Sudden 
Removal of Load. R. E. Klokow 

Preprints may be purchased at 30¢ each to members, 60¢ each to nonmembers, if 
Please order by number and send remit- 
AIEE Order Department, 33 West 39th Street, New York 38, N. Y. 


accompanied by remittance or coupons. 


Duplicate double-spaced type- 


R. S. R. A. Pfuntner, 


Norman, 


N. F. Schuh 








Inspection Trips 


A program of inspection trips is being 
arranged which will include, tentatively, 
the following places of general and technical 
interest: Brookhaven National Laboratory, 
Mahwah Assembly Plant of Ford Motor 
Comz any, Radio City Music Hall, Bell 
Telephone Laboratories (Murray Hill), 
United States Merchant Marine Academy, 
Kearny Station of the Public Service Electric 
and Gas Company, Steinway and Sons, Otis 
Elevator Company, American Telephone 
and Telegraph Company, Triangle Conduit 
and Cable Company, American District 
Telegraph Company, Charles S. Pfizer and 
Company, Fairless Plant of U. S. Steel 
Corporation, and the 59th Street Plant of 
New York City Transit Authority. 


Ladies Entertainment 


The Ladies Committee has planned a full 
week of activities for the Winter General 
Meeting. Some of the interesting events 
will be a “Get-Acquainted Tea,” two tours of 
New York City, including upper and lower 
New York, United Nations Tour, luncheon 
and style show, and a daily coffee hour. 

All ladies wishing to participate in these 
activities must be registered with their hus- 
bands before signing up at Ladies Head- 


quarters, which will be open from 2 to 4 P.M. 
Sunday, January 29, 1956. 


Registration Fees 


With this General Meeting, registration 
fees have been increased to $5 for members 
and $8 for nonmembers. However, non- 
members applying for membership in the 
Institute within 30 days will receive a $3 
credit toward their entrance fee. (See 
Board of Directors Report, section on 
Finances, p. 1097.) 


Winter General Meeting Committee 


Members of the 1956 Winter General 
Meeting Committee are: A. J. Cooper, 
chairman; D. M. Quick, vice-chairman; 
J. J. Anderson, secretary, J. P. Neubauer, 
vice-president District 3, and budget co- 
ordinator; J. D. Tebo, chairman, Com- 
mittee on Technical Operations, F. S. Black, 
public relations; R. T. Weil, general session ; 
Avery Gould, dinner-dance; D. V. Buchanan, 
hotel accommodations; J. V. O’Connor, 
inspection trips; Morris Brenner, registra- 
tion; R. W. Gillette, smoker, R. R. Meola, 
monitors; S. Friend, Jr., theater and broad- 
cast tickets; Mrs. Merwin Brandon, Ladies’ 
Committee; C. T. Hatcher, ex officio mem- 
ber (past chairman). 


Forum of Technical Committee Chairmen 
Held During the Fall General Meeting 


THE FORUM of the AIEE Technical 
Committee Chairmen was held on Wednes- 
day evening, October 5, at the Morrison 
Hotel, Chicago, Ill. 

Dr. Julian Tebo, chairman of the Tech- 
nical Operations Committee, opened this 
meeting and introduced AIEE President 
Morris Hooven, honorary chairman of the 
Forum, who told how the Forum came into 
being just before the start of the Korean 
War. Its purpose is to bring out the ideas, 
plans, and suggestions of members, which 
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ordinarily are not heard during routine op- 
erations of technical committees. 

Dr. Tebo then outlined the purpose of 
the Forum as a means for introducing 
new technical committee chairmen to their 
work. He outlined the arrangement of the 
Institute’s Divisions and committees, both 
general and technical with the subcom- 
mittees of the latter, and how they are related 
to the Technical Operations Committee. 

At the last Forum during the Summer 
General Meeting, it had been proposed that 
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a vice-chairman of each technical committee 
be appointed whose duty it would be to 
check on the availability of several necessities, 
such as a blackboard, projector, public- 
address system, etc., before the start of each 
session. It was decided that the appoint- 
ment of a vice-chairman was not mandatory, 
but left to the discretion of committee chair- 
men. 

Dr. Berberich suggested that advance pro- 
grams of general and district meetings include 
the name of the sponsoring committee for 
each session. With this information, any 
correspondence necessary could be directed 
to the proper chairman. 


Technical and Conference Papers 


To dispel any misunderstanding which 
may have existed, Mr. E. C. Day was asked 
to explain the procedure for submitting, re- 
viewing, and preprinting technical and con- 
ference papers. The reason for 90-day 
deadlines before meeting dates, is that it 
takes about a month for a paper to be 
reviewed and about 2 months to have it pre- 
printed and distributed. He mentioned that 
a 120-day deadline was put on the papers for 
the Fall General Meeting because delays, due 
to vacations, were inevitable. 

Mr. Day pointed out that some confusion 
existed regarding preprinting of conference 
or district papers. An abstract of the paper 
must be submitted to the committee chair- 
man 75 days before the meeting date and the 
completed paper 15 days later, or 60 days be- 
fore the meeting date if it is to be preprinted. 
He also mentioned that any publicity or 
programs intended for inclusion in Electrical 
Engineering should be given to him by the 
20th of the second month preceding the date 
of issue, as the magazine deadline is the 25th 
of the month. 


Session Plans for Meeting 


Mr. J. P. Jordan, chairman of the Com- 
mittee on Solid State Devices, called attention 
to the simultaneous session plans at general 
and district meetings, where sessions of 
similar interest are scheduled. Dr. Tebo ex- 
plained that Mr. Day had circulated pre- 
liminary schedules for checking by committee 
chairmen for the 1956 Winter General Meet- 
ing in an effort to avoid such conflicting 
sessions, which are arranged, if possible, at 
the Committee on Technical Operations 
meeting. It was stated that it was difficult to 
determine the scope of the papers in a given 
session just from the titles, but it was felt that 
the Special Committee of Fifteen should take 
care of such matters in the future. 

The feeling was expressed that no chairman 
wanted his committee to have a session sched- 
uled for Friday afternoon. Mr. Day stated 
that he rotates these sessions among the 
different committees so that no one gets a 
Friday afternoon more than once every 5 
years. 

It was suggested by Dr. Berberich that as 
sessions devoted to Basic Sciences were poorly 
attended, it might be better if such papers 
were scheduled for sessions of other com- 
mittees where there might be greater interest 
in them. Dr. Tebo suggested that other 
technical committees be consulted about this 
matter. He warned, however, that some of 
the Basic Sciences papers might have to be 
explained to the audiences in joint sessions so 
that their contents could be understood. 
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Suggestions for Future Meetings 


Mr. Coggeshall stated that dissatisfaction 
had been expressed at a Communications 
Division Committee meeting concerning the 
attendance in general and thought that per- 
haps it was caused by inadequate advance 
publicity. It was suggested that division 
chairmen inform Raymond C. Mayer Asso- 
ciates which publications were thought to be 
best to carry publicity. 

Dr. W. R. Clark, vice-chairman of the 
Committee on Technical Operations, dis- 
cussed the forecast of Transactions and 
Conference papers for the coming year. It 
was emphasized that the number of papers 
and sessions were less this year than the pre- 
vious year and that the forecast for next 
year continues this trend, 

Dr. Tebo spoke about the large number of 
conference papers which were promised other 
publications even before their presentation 
at Institute sessions instead of being made 
available to Electrical Engineering. It is 
important that the Institute should have first 
call on these papers and technical committee 
chairmen should consider this need when 
setting up programs, 

Mr. R. S. Gardner spoke about the duties 


of the chairmen of the technical committees 
and discussed the technical conferences. 
He said that complete instructions for 
handling these conferences were available 
and then discussed the method for getting 
the papers preprinted by the publication 
department. Mr. Day pointed out that 
conference papers must be submitted to 
Headquarters so that numbers can be as- 
signed to them if they are to be preprinted. 

Mr. Coggeshall asked for information con- 
cerning the financing of Technical Con- 
ferences, which was explained by Mr. 
Gardner. 

Mr. Jordan asked if a conference could be 
held which would be by invitation only, as 
one particular conference was so largely 
attended that discussions of papers had to be 
limited in scope. Mr. Hickernell said that if 
the attendance is to be limited then a Special 
Committee should be appointed, and those 
invited to the conference would be committee 
members so that a committee meeting would 
be called instead of a conference. 

Dr. Berberich asked about conference 
papers which were converted to technical 
papers. Such papers, Mr. Day replied, will 
be advertised in Electrical Engineering and in 
the three bimonthlies. 


Nuclear Engineering and Science Congress, 


Atomic Exposition Open in Cleveland Dec. 10 


ATOMIC ENERGY uses_ in_ industry, 
Government, education, medicine, and agri- 
culture will be thoroughly discussed at the 
Nuclear Engineering and Science Congress 
to be held in Cleveland, Ohio, December 
12-16. Engineers Joint Council (EJC) is 
co-ordinating the complex organization of 
the congress through E. Paul Lange, EJC 
secretary. This congress represents the 
biggest single project ever undertaken by the 
combined engineering and scientific societies 
of the nation. More than 25 organizations 
are operating, and almost 300 papers will be 
presented. Cleveland hosts for the congress 
are the Cleveland Engineering Society and 
the Cleveland Technical Societies Council. 


All-Congress Dinner 


One of the high points of the week-long 
gathering is the All-Congress Dinner on 
December 16th at the Statler Hotel. Admiral 
Lewis L. Strauss, chairman of the United 
States Atomic Energy Commission, will pro- 
vide the keynote speech for more than 2,000 
delegates to the congress. He will be 
introduced by Dr. John R. Dunning, dean 
of the Columbia University School of Engi- 
neering. Thorndike Saville, president of 
EJC and dean of the New York University 
College of Engineering, will make the wel- 
coming address. Walker L. Cisler, president 
of Detroit Edison Company and chairman 
of the Atomic Industrial Forum, Inc., will 
be toastmaster. 


List of Sessions 


The following sessions are scheduled for 
the Congress. On Monday, December 12th, 
1955: Safety and Site Selection for Reactors, 
Reactor Technology (another session also on 
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December 13th), Reviews of Literature in 
Atomic Energy Fields, Reactor Technology— 
Heat Transfer, Heat Transfer and Fluid 
Flow, Radiation Damage to Structural 
Materials, Reactor Technology—Metallurgy 
and Alloys, Research Reactors and Radia- 
tion Laboratories, and Radioisotopes and 
Tracer Techniques. On Tuesday, Decem- 
ber 13th: Safety Shielding and Remote 
Control I and II, Reactor Technology— 
Liquid Metals, Reactor Materials, Reactor 
Materials and Design, Analytical Methods 
and Facilities, Catalysis and Chemical 
Reactions, and Radiation Effects on Poly- 
merization and Chemical Reactions. On 
Wednesday, December 14th: Instrumenta- 
tion for Reactors, Reactor Control and 
Instrumentation, Reactor and Coolant Tech- 
nology, Reactor Technology—Corrosion, Re- 
actor Technology—Design and Construction, 
Materials and Metallurgy, Legal and 
Insurance Problems, Educational Require- 
ments for Nuclear Engineering, Dissolution 
and Chemical Processing, and Chemical 
Separations (another session also on Decem- 
ber 16th). On Thursday, December 15th: 
Reactor Technology.—Fabrication, Eco- 
nomics in Reactor Design, Chemical Process- 
ing and Separation, Detection and Monitor- 
ing of Nuclear Debris in Water, Chemistry 
of Solutions, Recovery of Fission Products, 
Reactor Analysis Techniques, Exploration 
and Production, Uranium Geology. On 
Friday, December 16th: Nuclear Charac- 
teristics of Fuel Assemblies, Accelerators, 
Removal of Fission Products from Aqueous 
Solutions, Disposal of Radioactive Wastes, 
Pollution Aspects of Radioactive Fall-Out, 
Nuclear Properties, General Papers, and 
Uranium Deposits. 
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AIEE Sponsored Papers 

AIEE is sponsoring 13 technical papers to 
be presented during sessions on instrumenta- 
tion and electric power applications. These 
include: ‘The Control of Heavy-Water 
Moderated Massive Fuel Reactors,” E. 
Siddall, Atomic Energy of Canada, Ltd., 
Chalk River, Ontario, Canada; ‘The 
Bevatron Magnet Pulse-Timing System,” 
W. C. Struven, University of California, 
Berkeley; ‘‘Dynamics and Control of 
Nuclear Power Plants,” A..B. Van Rennes, 
J. C. Simons, Jr., and T. S. Gray, Massa- 
chusetts Institute of Technology, Cambridge; 
‘Economic Power Fueling Without U-235 
Enrichment,”’ W. B. Lewis, Atomic Energy 
of Canada, Ltd., Chalk River, Ontario, 
Canada; ‘‘Reactor Instrumentation at Chalk 
River,” Albert Pearson, Atomic Energy of 
Canada, Ltd.; ‘‘Power and Temperature 
Control of Pressurized Water-Cooled Re- 
actors,’’? W. H. Hamilton, J. N. Grace, O. R. 
Meyer, and N. E. Wilson, Westinghouse 
Electric Corporation, Pittsburgh, Pa.; ‘“The 
Use of Computers to Determine Time- 
Dependent Fission-Product Distribution,” 
J. V. Nehemias, R. C. Dennis, J. G. Lewis, 
and H. A. Ohlgren, University of Michigan, 
Ann Arbor; ‘‘A Nuclear Reactor Simulator 
for Teaching Purposes,” L. Orr, W. Kerr, 
and H. J. Gomberg, University of Michigan; 
*‘Hanford Reactor Instrumentation,” E. S. 
Day, Jr., General Electric Company, Rich- 
land, Wash.; ‘‘A Control System for Re- 
search-Type Nuclear Reactors,” E. T. Davis, 
V. S. Underkoffler, and R. N. Brey, Leeds 
and Northrup Company, Philadelphia, Pa. ; 
**A 25-Billion Electron Volt Proton Synchro- 
tron,’’ Martin Plotkin, Brookhaven National 
Laboratory, Upton, N. Y.; ‘‘Machine 
Sources of Ionizing Energy,” J. G. Trump, 
Massachusetts Institute of Technology, Cam- 
bridge; and ‘‘Dual-Function System for 
Gamma Radiation Measurement,” M. B. 
Leboeuf, R. E. Connally, and L. F. Miller, 
General Electric Company. 


AIEE Representatives 


Representatives of AIEE on the general 
committee of EJC are: Julian D. Tebo, Bell 
Telephone Laboratories, New York, N. Y.; 
and S. Reid Warren, Jr., University of 
Pennsylvania, Philadelphia; on the program 
committee: William E. Barbour, Jr., 
Tracerlabs, Inc., Boston, Mass.; and 
G. Wesley Dunlap, General Electric Co., 
Schenectady, N. Y. 


Sponsoring and Supporting Groups 


In addition to the societies, the congres$ 
is actively supported by private enterprise 
and the Government. The sponsoring groups, 
co-ordinated in this effort by EJC and its 
constituent societies, comprise more than half 
a million engineers and scientists, represent- 
ing such apparently diverse fields as mining, 
metallurgy, sanitation, water supply, radio, 
electronics, chemical, petroleum, steel, non- 
ferrous metals, aviation, automobile manu- 
facture, rockets, architecture, ships, road 
construction, and city planning. 


Atomic Exposition 


The Atomic Exposition, running con- 
currently with the congress, supplementing its 
discussions of nuclear developments and 
displaying current actual tools of atomic 
developments, will be open on December 10. 
The general public, as well as registrants of 
the congress, will be able to view such items 
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as: reactors, components, equipment, mate- 
rials, and services in the atomic power field, 
many of which are displays of nuclear equip- 
ment being seen for the first time. 

In announcing the world’s first major 
Atomic Exposition, Professor Barnett F. 
Dodge, president of The American Institute 
of Chemical Engineers (AIChE), the organ- 
ization directly sponsoring the show, said: 
‘*The exposition for the first time will bring 
together under one roof all the major de- 
velopments in industry and science related 
to atomic energy. This includes not only 
atomic power developments, but also tre- 
mendously expanding applications of atomic 
by-products in all kinds of industrial fields. 
Suppliers to the various atomic industries 
are also being invited to display their latest 
developments relating to peacetime applica- 
tions. 

“Although attendance will be drawn 
chiefly from management and _ technical 
professions, the exposition will be open to the 
public at certain hours.” 

Space has been engaged by 140 exhibitors 
for the exposition, not only from the United 
States, but also from Canada, Great Britain, 
and Switzerland. These exhibits will occupy 
approximately 80,000 sq ft. 

All U. S. firms participating in the com- 
mercial exhibit at Geneva, as well as most 
major U. S. firms who did not exhibit there, 
will be at Cleveland with their latest develop- 
ments. Also working on exhibits are Atomic 
Energy Commission (AEC) Laboratories, 
universities, the Department of Commerce, 
Bureau of Standards, United Nations, and 
Quartermaster Food and Container Institute. 
An actual experimental reactor (noncritical) 
will be in operation. 


Dates: December 10-16, 1955, inclusive. 

Place: Cleveland Public Auditorium, Ohio. 

Hours: December 10 and 11—2:00-10:00 
p-m. (Open to industry and gen- 
eral public) 
December 12—15—10:00 a.m.- 
10:00 p.m. (Open to public at 6:00 
p.m.) December 16—10:00-5:00 
p.m. 


Special Events 


A number of functions, including inspection 
trips in the area, will be sponsored through- 
out the week by the various societies singly 
and in co-operation. The AIEE Com- 
mittee on Nucleonics will have a luncheon on 
Thursday, December 15th; the location 
will be announced at the congress. 


Registration 


A registration desk will be open at the Pub- 
lic Auditorium from 9:00 a.m. to 5:00 p.m. 
throughout the week. Preregistrations and 
hotel reservations will be handled by the 
Cleveland Engineering Society, 2136 East 
19 Street, Cleveland 15, Ohio. The registra- 
tion fee for the congress is $10.00. Regis- 
trants for the Nuclear Congress will be 
admitted to the Atomic Exposition without 
additional charge. 

Hotel reservations for those attending the 
congress and exposition are available at 
five hotels: Statler, Carter, Cleveland, 
Hollenden, and Manger. 

Registration fee for all others attending the 
exposition will be $2.00. (NOTE: Exposi- 
tion registration does not entitle the registrant 
to attend Nuclear Congress sessions. ) 
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Future AIEE Meetings 


EJC-AIEE Nuclear Energy 
Conference 

Cleveland, Ohio 

December 12-17, 1955 

(Final date for submitting papers—closed ) 


Winter General Meeting 

Hotel Statler, New York, N. Y. 
January 30—February 3, 1956 

(Final date for *TP—closed, ¢CP Syn. 
—closed CP Ms—closed ) 


AIEE-IRE-ACM Western Computer 
Conference 

Fairmont Hotel, San Francisco, Calif. 
February 8-10, 1956 

(Final date for submitting papers—closed) 


AIEE-IRE-University of Pennsyl- 
vania Transistor Circuit Conference 
University of Pennsylvania 
Philadelphia, Pa. 

February 16-17, 1956 

(Final date for submitting papers—closed ) 


Scintillation Counter Conference 
Shoreham Hotel, Washington, D. C. 
February 28-29, 1956 

(Final date for submitting papers—closed ) 


Southern Textile Conference 
Georgia [Institute of Technology. 
Atlanta, Ga. 

March 1-2, 1956 

(Final date for submitting papers—Dec. 1) 


Paper and Pulp Conference 
University of Florida, Gainesville, Fla 
March 8-9, 1956 

(Final date for submitting papers—Dec. 8) 


AIEE, University of Illinois 
American Power Conference 
Sherman Hotel, Chicago, III. 

March 21-23, 1956 

(Final date for submitting papers—Dec. 
27) 


South West District Meeting 

Dallas, Tex. 

April 2-4, 1956 

(Final date for TP—Jan. 3, {DP Syn.— 
Jan. 18 DPMs—Feb. 2) 


Great Lakes District Meeting 

Fort Wayne, Ind. 

April 16-18, 1956 

(Final date for TP—Jan. 16, {DP Syn.— 
Feb. 1 DPMs—Feb. 16) 


AIEE, ASME, ISA Recording and 
Controlling Instruments Conference 
Bradford Hotel, Boston, Mass. 

April 26-27, 1956 

(Final date for submitting papers—Jan. 
26) 


North Eastern District Meeting 
Rochester, N. Y. 

May 2-4, 1956 

(Final date for TP—Feb. 1, {DP Syn.— 
Feb. 15 DPMs—March 2) 
*TP—Transactions paper 

+CP SYN.—Conference Synopsis 


CP MS—Conference Manuscript 
(The CP Syn. date is 15 days before the CP Ms 


date) 
DP SYN.—District Synopsis 
MS—District Manuscript (the DP Syn. date is 
15 days before the DP Ms date) 
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Purpose and Scope of the Congress 


Thorndike Saville, president of EJC, 
summed up primary purposes of the congress 
as follows: ‘‘The horizon for the peaceful 
application of atomic developments, as yet, 
are not even imagined. This highly inter- 
related family of developments is very much 
in the ‘idea-for-application’ stage. There- 
fore, it is of enormous importance to present 
to those interested a panoramic view with 
detail as a proper measure of current oppor- 
tunity and the vastness of potential. Prog- 
ress for the Congress already indicates that it 
will be the largest gathering of engineers and 
scientists ever held in the United States to 
discuss nuclear energy. As such, it will be a 
major opportunity for the communication of 
ideas and developments among the many 
thousands of persons in industry, business, 
agriculture, and medicine, for whom the 
technology of the atom is increasingly im- 
portant.”’ 

The basic objective of the congress is tolaunch 
a continuing program of interchange of in- 
formation on the developing applications of 
nuclear science by the engineer and scientist 
for vital national benefits involving industry, 
agriculture, medicine, and public welfare. 


Major Fields of Interest 


Some of the representatives on the general 
committee, and the major fields of interest 
follow: 


Instrumentation, and electric power appli- 
cation, AIEE (J. D. Tebo, Bell Telephone 
Laboratories, New York, N. Y., and S. R. 
Warren, Jr., University of Pennsylvania, 
Philadelphia). 

Radiation effects on structural materials, 
American Society of Civil Engineers (J. M. 
Garrelts, Columbia University, New York, 
NM. ¥.3 

Radiation damage and _ solid fuels, 
American Institute of Mining and Metal- 
lurgical Engineers (J. H. Frye, Jr., Oak 
Ridge National Laboratories, Oak Ridge, 
Tenn. ). 

Heat transfer, reactor design, instrumenta- 
tion, and safety, The American Society of 
Mechanical Engineers (A. D. Bailey, New 
York, N. Y.). 

Radioactive material in waste, detection, 
and treatment, American Water Works 
Association (R. J. Faust, assistant secretary, 
New York, N. Y.). 

Marine nuclear propulsion, The Society 
of Naval Architects and Marine Engineers 
(D. C. MacMillian, president, George G. 
Sharp, Inc., New York, N. Y.). 

Atomic energy education, The American 
Society for Engineering Education (P. N. 
Powers, director atomic project, Monsanto 
Chemical Co., St. Louis, Mo. ). 

Liquid metals, reactors, and chemical 
manufacture, American Institute of Chem- 
ical Engineers, Prof. Manson Benedict, 
Massachusetts. Institute of Technology, 
Cambridge, Mass. ). 

Industrial, physical, and inorganic chem- 
ical applications, American Chemical 
Society (J. G. Warner, president, Carnegie 
Institute of Technology, Pittsburgh, Pa. ). 
Reactor physics, American Institute of 
Physics (Dr. Clark Williams, Brookhaven 
National Laboratory, Upton, N. Y.). 
Nuclear physics and engineering, Ameri- 
can Nuclear Society (Jerome Luntz, editor 
Nucleonics, New York, N. Y.). 

Nuclear industry management, Atomic 
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Industrial Forum (Charles Robbins, direc- 
tor, New York, N. Y.). 

Nuclear applications, Institute of Aero- 
nautical Sciences (S. P. Johnston, director, 
New York, N. Y.). 


Nuclear energy source material, American 
Geological Institute (Paul F. Kerr, executive 
director, American Geological Institute of 
National Research Council, Washington, 
D. C.). 


Joint Meeting Held by Ohio 


District 11 and Student Activities Committees 


The first meeting of the newly created 
District 11 Executive Committee was un- 
usual in several respects. As pointed out by 
Vice-President J. C. Strasbourger, the 
meeting was held jointly with the Student 
Activities Committee to obtain the best 
Section-Branch co-operation. The meeting 
was held in the country at the Golden Lamb 
Hotel, Lebanon, Ohio, September 30 and 
October 1, 1955. 

Mr. E. S. Fields, vice-president of the 
Cincinnati Gas and Electric Company, 
Ohio, and past vice-president from District 
2, 1945 to 1947, addressed the dinner- 
meeting on the evening of September 30. 
Mr. Fields talked about the Cincinnati 
program which is a co-operative activity of 
Engineers’ Council for Professional Develop- 
ment between industries in the vicinity and 
the University of Cincinnati for the first 5 
years of professional development. This 
program for continued education after 
graduation and the integration of the young 
engineer into the community has been 
highly successful. 


VICE-PRESIDENT J. C. 
STRASBOURGER (top) 
introducing the dinner 
speaker on his left, 
E. S. Fields, vice 
president of the Cin- 
cinnati Gas and Elec- 
tric Company and 
AIEE past Vice-Presi- 
dent, at the first Dis- 
trict 11 Executive 
Committee Meeting. 
(bottom). At the 
Golden Lamb Hotel, 
Mrs, J. C. Strasbourger 
and George R. Can- 
ning, Chairman of the 
Cleveland Section, 
look over the display. 
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Election Procedure 


The election procedure was explained by 
Vice-President J. C. Strasbourger, as well as 
the duties of the vice-president to visit every 
Branch, Section, and subsection within the 
District at least once a year. After nomina- 
tions were duly made and seconded, the 
Executive Committee elected George R. 
Canning, chairman of the Cleveland Sec- 
tion, as delegate to the Nominating Com- 
mittee with W. R. Hough as alternate. The 
delegate was informed of the adequacy of the 
candidates Walter B. Morton for president, 
Clarence Beller of the Cleveland Section for 
director, and Walter J. Barrett for treas- 
urer. Henry H. Kerr was nominated for 
vice-president of District 11 by the District 
Executive Committee. 


Luncheon 


At the conclusion of the District Executive 
Committee meeting, a joint luncheon was 
held with the Student Activities Committee 
and was addressed by Joseph W. Ritten- 
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house, technical director, 


Hi-Voltage 
Equipment Company, on the subject of 
“Co-operation Between Branch and Sec- 


tion.” Speaking from experience as a 
former counselor at the Missouri School of 
Mines, Mr. Rittenhouse enthusiastically 
spoke of Section—Branch co-operation and 
the need for strong, friendly relationships. 
The Branches and the Sections must thor- 
oughly understand each other and co-opera- 
tion becomes extremely difficult if misunder- 
standings should occur. It takes a counselor 
a long time to recover from the effects of a 
poor speaker after addressing the first 
Branch meeting in the fall. The Sections 
should invite Branch personnel to participate 
in Section activities, and the Sections should 
develop groups of people for speakers who 
have proved their ability to interest students. 

In the afternoon, an inspection trip was 
taken to the Crosley Government Products 
plant, where radar, servomechanisms, and 
electronic development work was in progress. 
After the dinner in the evening, transporta- 
tion was arranged from the hotel to the 
Lebanon harness racing. 


Joint Meeting 


A joint meeting of the District Executive 
and Student Activities Committees was held 
October ist. The work of the Student 
Branches Committee and subcommittees 
was outlined by Walter B. Morton, chair- 


man. The students should assist with sugges- 
tions to their counselors, who in turn give 
them to Professor Evert. He would give the 
suggestions to the Committee on Student 
Branches. Chairman W. B. Morton strongly 
urged the students to enter the Prize Paper 
Competition as this would help them to 
speak and write more effectively in industry. 

The meeting was addressed by Secretary 
N. S. Hibshman, who told of some of the 
work being done by the Board of Directors 
and the Planning and Co-ordination Com- 
mittee. This committee is studying the 
‘‘why”’ in a number of areas with the help of 
a professional group. Secretary Hibshman 
spoke of the early organization of the engi- 
neering profession and stressed that organ- 
ization enabled men to do things that they 
could not do as individuals. If members 
used the AIEE as a means of expressing 
themselves in the profession and contributing 
to the profession, they would obtain indirect 
rewards, and the Student Branch was an 
excellent vehicle to begin such a service. 

Ihe remainder of the meeting was de- 
voted to the ways and means of obtaining 
good Branch-Section co-operation. Views 
were exchanged in discussion of prize awards 
competitions, prizes, membership, and father- 
and-son dinners. That the meeting was 
successful was attested to by several of the 
Student Branch chairmen and students who 
were enthusiastic and complimentary. 


Survey of Engineering Profession 
Proposed at Annual ECPD Meeting 


A RESOLUTION recommending that 
the Engineers’ Council for Professional 
Development (ECPD) sponsor a compre- 
hensive survey of the engineering profession 
was proposed at the Twenty-Third Annual 
Meeting of ECPD held at the King Edward 
Hotel, Toronto, Ont., Canada, on October 
13-14, 1955. 

At the luncheon meeting the first day, 
S. C. Hollister, dean of the College of 
Engineering, Cornell University, Ithaca, 
N. Y., gave a talk, entitled “Survey of 
Education and Utilization of Engineers,” 
presenting the resolution for subsequent 
panel discussion. The resolution was form- 
ulated originally in 1954 at an informal 2-day 
meeting of engineering deans at Ithaca, 
N. Y. In his address S. C. Hollister stated: 
“It would seem clear that everybody stands 
to gain by a well-executed study of this sort. 
First of all, the community would be served 
by any improvement that could be brought 
about in the functioning of our important 
profession. Those immediately concerned 
with function, namely, the employers of 
engineers and the engineers themselves, 
would profit both individually and collec- 
tively by such a well-designed and well- 
executed survey. And, finally, such a survey 
should lay the groundwork for improvement 
and better definition of the engineering 
profession as a whole.” 

On the second day, an open forum was 
conducted on this item. The panel discus- 
sion was led by Warren L. McCabe, ad- 
ministrative dean, Polytechnic Institute of 
Brooklyn, N. Y., with the assistance of the 
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following panel: H. N. Meixner, staff 
assistant, engineering department, E. I. du 
Pont de Nemours & Company (Inc.), 
Wilmington, Del.; M. D. Hooven, engineer- 
ing department, Public Service Electric & 
Gas Company, Newark, N. J.; R. M. 
Hardy, dean of engineering, University of 
Alberta, Canada; T. Saville, dean of 
engineering, New York University; and 
W. L. Everitt, dean of engineering, Uni- 
versity of Illinois. At the conclusion of the 
discussion on the Hollister proposal, which 
had audience participation, the Council 
passed a resolution addressed to the Execu- 
tive Committee requesting that it proceed 
with plans for conducting the proposed sur- 
vey and find appropriate leadership and 
financial support for it. 


Resolution 


The text of the resolution for a survey of 
the engineering profession adopted at the 
annual meeting is as follows: 

WHEREAS: The Profession of Engineering has 
ever increasing responsibilities in the rapidly expanding 
technological aspects of our civilization, and 

WHEREAS: these public and professional responsi- 
bilities are becoming increasingly complex, and 

WHEREAS: the numbers of engineering personnel 
being trained is both limited in supply and inadequate 
in numbers to discharge the needs under the present 
organization of the profession, much less those of the 
future, and 

WHEREAS: the situation confronting the profession 
is charged with important social, economic, and political 
aspects in the interest of the public welfare, and 

WHEREAS: in the light of these serious public and 
professional problems a study of the profession is called 
for, now therefore 
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LET IT BE RESOLVED: That Engineers’ Council 
for Professional Development sponsor a survey of the 
engineering profession to include the present and pros- 
pective needs for engineering services, the improvement 
in the utilization of engineers and supporting technical 
personnel, the scope and nature of the education and 
training required, the problems of registration, union- 
ization and ethics involved, and al! other matters perti- 
nent to determine the most effective organization of the 
profession to meet its public responsibilities and pro- 
fessional opportunities, and 


BE IT FURTHER RESOLVED: that Engineers’ 
Council for Professional Development seek the concur- 
rence of its Constituent Societies in undertaking such a 
survey, and 


BE IT FURTHER RESOLVED, that Engineers’ 
Council for Professional Development refers this resolu- 
tion to its Executive Committre for implementation. 


Annual Dinner 


The feature of the annual dinner was an 
address, “Engineering Bodies,” by Sidney 
Smith, president, The University of To- 
ronto. M. D. Hooven, vice-president 
ECPD and president AIEE, presided. 

The ECPD was organized to enhance the 
professional status of the engineer through 
the co-operative efforts of the following 
national organizations, which are constituent 
members concerned with the professional, 
technical, educational, and legislative phases 
of engineers’ lives: AIEE, American Soci- 
ety of Civil Engineers, American Institute of 
Mining and Metallurgical Engineers, The 
American Society of Mechanical Engineers, 
The Engineering Institute of Canada, 
American Society for Engineering Education, 
American Institute of Chemical Engineers, 
and the National Council of State Boards of 
Engineering Examiners. ECPD is best 
known for its work of accrediting technical 
curricula in the engineering colleges. 


Criteria for Accreditation 
Announced by ECPD 


To assist identification and recognition by 
Engineers’ Council for Professional Develop- 
ment (ECPD) of the accreditation of 
curricula that constitute adequate under- 
graduate educational preparation for the 
engineering profession, the following criteria, 
supplemental to those regularly published in 
the Annual Report of ECPD under “Objec- 
tives and Procedures for Accrediting En- 
gineering Curricula,” will serve as a guide in 
ECPD accrediting activity. The object of 
the criteria is the assurance of an adequate 
foundation in the sciences, humanities, en- 
gineering science, and engineering methods. 
Sufficient flexibility is provided in science re- 
quirements to accommodate curricula requir- 
ing special backgrounds, and for expression 
of the institution’s own individuality and 
ideals. Finally, the criteria is regarded as a 
statement of principles to be applied with 
judgment in each case rather than with 
arbitrary rigidity. 

The supplemental criteria are: 

1. All curricula shall contain at least 
the equivalent of one academic year of 
mathematics and basic science about equally 
divided. 

2. All curricula shall contain at least the 
equivalent of approximately 1 year, except 
as provided in paragraph 3 of engineering 
sciences, including most and preferably all 
of the following: mechanics of solids (statics, 
dynamics, strength of materials), fluid 
mechanics, thermodynamics, transfer and 
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rate mechanisms (heat, mass, momentum 
transfer), electrical theory (fields, circuits, 
electronics), and the nature and properties of 
materials (relating particle and aggregate 
structure to properties). Only after careful 
consideration and determination that the 
fundamental concepts are _ substantially 
covered in other studies at an equivalent 
mathematical level, should one of these 
engineering sciences be omitted from a 
curriculum. 

3. Because some engineering curricula are 
built in part on sciences not included in the 
preceding paragraphs, such curricula may 
contain for additional flexibility other basic 
or engineering sciences appropriate to their 
fields, to an extent equivalent to one-third 
of an academic year, in lieu of an equal por- 
tion of time otherwise devoted to the en- 
gineering sciences listed in 2. 

4. Approximately the equivalent of one 
half of an academic year shall be devoted to 
engineering analysis, design, and engineering 
systems. 

5. The curriculum shall be designed for 
an integrated sequential study in the scientific 
and engineering area. The mathematics 
and the basic science to be used proficiently 
in the work in engineering analysis, in the 
study of engineering systems, and in the 
preparation for creative design. 

6. The equivalent of one-half year to 
one full year of the curriculum shall repre- 
sent the minimum content in the area of 
humanistic and social studies. Of this 
content, at least one-half year should be 
selected from the fields of history, economics, 
Government, literature, sociology, philosophy, 
psychology, or fine arts, and should not in- 
clude such courses as accounting, industrial 
management, finance, personnel administra- 
tion, or Reserve Officer Training Corps 
(ROTC). 

7. The two pressures on 4-year engineer- 
ing curricula for inclusion of more newly 
developing engineering science and for an 
increase in the social-humanistic content 
makes it necessary that neither the technical- 
scientific nor the social-humanistic content 
of such curricula be reduced below the 
minimum requirements of the supplemental 
criteria to make room for advanced ROTC 
programs. ‘This procedure views realistically 
the fact that the engineering student taking 
advanced military science is in effect pursuing 
two curricula simultaneously with separate 
and different requirements and objectives. 

In any case in which the Education and 
Accreditation Committee is persuaded that 
well-considered experimentation in engineer- 
ing curricula is under way, it shall give 
sympathetic consideration to departures 
from the criteria and shall make appropriate 
recommendations to ECPD. 

The committee recognizes that these 
recommendations constitute a departure 
from past practice in that an approach is 
made to quantitative criteria as to curriculum 
content and distribution of time. 

The committee continues to favor broad 
basic undergraduate programs in engineer- 
ing which will prepare a student to take 
advantage of as many different oppor- 
tunities as possible, and prefers to minimize 
the number of specially designated curricula 
to be considered for accreditation. The 
committee is prepared to examine for ap- 
proval any curriculum that appears likely 
to satisfy its criteria for an undergraduate 
engineering curriculum. 
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Curricula of a vocational or technical 
institute pattern cannot qualify nor can 
curricula of so specialized a pattern as to 
provide an inadequate base for engineering 
of professional level. 


1955 Winners Announced 
for Eta Kappa Nu Awards 


The award of “Outstanding Young Elec- 
trical Engineer for 1955’? has been made to 
Wilbert E. Chope (AM ’50), president of the 
Industrial Nucleonics Corporation, Colum- 
bus, Ohio, as announced by the Jury of 
Award, Eta Kappa Nu, which met October 
15, 1955. The award is made annually to 
the young engineer of outstanding accom- 
plishment who is not older than 35 years of 
age and not out of school more than 10 
years. 

Mr. Chope obtained a bachelor of science 


W. E. Chope 


degree from Ohio State University and later 
a master of science degree in electrical engi- 
neering and business administration from 
the Massachusetts Institute of Technology. 

Honorable mentions went to John N. 
Grace (AM ’52), senior scientist, Atomic 
Power Division, Westinghouse Electric Cor- 
poration, Pa.; H. R. Johnson, Hughes 
Research and Development Laboratories, 
Calif.; D. B. Shuster, Sandia Corporation, 
N. Mex.; and Glen Wade, Applied Elec- 
tronics Laboratory, Stanford University, 
Calif. It is interesting to note that both 
W. E. Chope and J. N. Grace are in nuclear 
work. Further details concerning the 
awards and the recipients are scheduled for 
publication in the January issue of Electrical 
Engineering. 


AIEE Nominating Committee 
Meets in New York City 


The AIEE Nominating Committee will 
meet in the Hotel Statler, New York, N. Y., 
on January 30, 1956, during AIEE’s Winter 
General Meeting to nominate candidates for 
offices to be voted on by the membership 
in the spring of 1956. It is hoped that a 
complete listing will appear in the January 
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issue of Electrical Engineering. Some mem- 
bers of the committee follow: 

Representatives for the eleven geographical 
Districts are: 


1. E. K. Rohr, General Electric Company, 920 
Western Avenue, Lynn, Mass. 


2. A.C. Muir, Berwind-White Coal Mining Company 
1400 Pennsylvania Building, Philadelphia 2, Pa. 


3. R.T .Weil, Jr., Manhattan College, New York 63, 
N. Y. 


4. W. F. Criley, Department of Electric Engineering, 
Vanderbilt University, Nashville, Tenn. 


5. J. R. North, Commonwealth Services, Inc., 252 
West Cortland Street, Jackson, Mich. 


6. District Executive Committee Meeting scheduled 
for October 31 or November 6, 1955 


7. District Executive Committee Meeting scheduled for 
November 10, 1955 


8. W. G. Collins, Pacific Tel. & Tel. Company, 140 
New Montgomery Street, San Francisco, Calif. 


9. J. A. McDonald, General Electric Company, 200 
S. Main Street, Salt Lake City, Utah. 


10. District Executive Committee Meeting scheduled 
for November 8, 1955 


11. G. R. Canning, Ohio Bell Telephone Company, 
750 Huron Road, Cleveland, Ohio 

Alternates for District representatives : 
1. R. Cutts, Jr., General Electric Company, 1 River 
Road, Schenectady 5, N. Y. 


2. H.H. Sheppard, Rumsey Electric Company, 1007 
Arch Street, Philadelphia 7, Pa. 


3. W.A, Clark, American Tel. & Tel. Company, 195 
Broadway, New York, N. Y. 


4. Thomas Salisbury, Gregory-Salisbury & Company, 
Jackson, Miss. 


5. W.L. Cassell, Department of Electrical Engineering, 
Iowa State College, Ames, Iowa 


9. J. A. Davis, 1455 Crandall Ave., Salt Lake City, 
Utah 


11. W. R. Hough, Reliance Electric & Engineering 
Company, 1088 Ivanhoe Road, Cleveland 10, Ohio 


Representatives for the ten technical 
Divisions are: 

Communication—I.S. Coggeshall, Western Union 
Telegraph Company, 60 Hudson Street, New York 13, 
N. Y. 


General Applications—R. L. Oetting, General Electric 
Company, Nela Park, Cleveland 12, Ohio 


Industry—G. W. Heumann, General Electric Company, 
1 River Road, Schenectady 5, N. Y. 


Power—C. T. Hatcher, Consolidated Edison Company, 
of New York, Inc., 4 Irving Place, New York 3, N. Y. « 


Science and Electronics—S. Reid Warren, Jr., Univer- 
sity of Pennsylvania, 220 South 33rd Street, Philadelphia, 
Pa. 


Alternates for Division representatives: 
Communication—John Meszar, Bel! Telephone Lab- 
oratories, Inc., 463 West Street, New York 14, N. Y. 


General Applications—T. C, Johnson, General Electric 
Company, 5 Lawrence Street, Bloomfield, N. J. 


Industry—C. N. Clark, Duquesne Light Company, 435 
Sixth Avenue, Pittsburgh, Pa. 


Power—E. I. Pollard, Elliott Company, Ridgway, Pa. 
Science and Electronics—J. G. Reid, Jr., ACF Elec- 
tronics, 800 North Pitt Street, Alexandria, Va. 


Representatives for the Board of Directors: 


J. H. Foote, Commonwealth Services, Inc, 252 West 
Cortland Street, Jackson, Mich. 


E. R. Jones, Mountain States Tel. and Tel. Company, 
Box 960, Denver 1, Colo. 


R. E. Kistler, Pacific Tel. & Tel. Company, 1200-3rd 
Avenue, Seattle, Wash. 


T. M. Linville, General Electric Company, Research 
Services Division, P. O. Box 1088, Schenectady, N. Y. 


J. C. Woods, Commonwealth Edison Company, 72 
West Adams Street, Chicago 90, Il. 
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Alternates for Board representatives: 


C. T. Pearce, Westinghouse Electric Corporation, 
3001 Walnut Street, Philadelphia 4, Pa. 


C. S. Purnell, Westinghouse Electric Corporation, 600 
St. Paul Avenue, Los Angeles 17, Calif. 


S. M. Sharp, Southwestern Gas & Electric Company, 
Shreveport, La. 


The following Bylaws of the Institute make 
it possible for the membership as a whole to 
make suggestions and to put forward the 
virtues of candidates to the Nominating 
Committee. It may be of interest to see 
Mr. Hickernell’s article on page 278 of the 
April Electrical Engineering for a clarification 
of the Institute’s election procedure. 


Constitution 

Article VI 

31. The executive committee of each geographical 
District shall act as a nominating committee of the 
candidate for election as Vice-President of that District, 
or four filling a vacancy in such office for an unexpired 
term, whenever a vacancy occurs. 

32. The Nominating Committee shall receive such 
suggestions and proposals as any member or group 
of members may desire to offer, such suggestions being 
sent to the secretary of the committee. 

The Nominating Committee shal] name, on or before 
January 31 of each year, one or more candidates for 
President, Treasurer, and the proper number of Direc- 
tors, and shall include in its ticket such candidates for 
Vice-Presidents as have been named by the nominating 
committees of the respective geographical Districts, if 
received by the Nominating Committee when and as 
provided in the Bylaws; otherwise the Nominating Com- 
mittee shall nominate one or more candidates for Vice- 
President (s) from the District (s) concerned. 


Hundred Year Association 
Medal Awarded at Annual Dinner 


David Sarnoff (M ’23, F *51), chairman 
of the board of Radio Corporation of Amer- 
ica, has been presented with the 1955 gold 
medal of the Hundred Year Association of 
New York in recognition of his work as 





D. Sarnoff 


‘pioneer, founder, and leader in electronic 
communication.” 

The presentation was made by Mayor 
Robert F. Wagner at the association’s 
Annual Dinner at the Waldorf-Astoria 
Hotel, New York, N. Y. The citation said 
General Sarnoff’s ‘‘...accomplishments as 
a civic leader, patron of the arts, and head 
of the Radio Corporation of America make 
him the embodiment of the ideal of equal 
opportunity at work in a free society.” 

Among the tributes read at the dinner was 
one from Dwight D. Eisenhower, President 
of the United States. The President, in a 
letter to Howard S. Cullman, chairman of 
the dinner committee, praised General 
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Sarnoff: ‘‘Through his brilliant accomplish- 
ments in the field of communications and his 
devoted and enlightened services to his 
country, he has contributed much, in the 
course of a distinguished career, to the wel- 
fare of his fellow men and to the cause of 
freedom and peace in the world.” 

In accepting the Gold Medal award, 
General Sarnoff said that “‘...dramatic as 
the advances in the past century have been, 
they are certain to be dwarfed by far- 
reaching changes to come.” 

A half-hour radio program covering the 
presentation of the medal was transmitted 
to Latin America on four shortwave bands 
by Station WRUL of the World Wide 
Broadcasting System, whose president, Wal- 
ter S. Lemmon, arranged for the program 
as a tribute to General Sarnoff’s pioneering 
contributions to international radio com- 
munications and broadcasting. Next year, 
General Sarnoff observes his 50th anniversary 
of service in the radio field. 


David Sarnoff Fellowship 
Awarded to Engineering Student 


Lawrence D. Wechsler (AM ’55), has been 
chosen to receive the David Sarnoff Fellow- 
ship at the New York University College of 
Engineering for the 1955-56 academic year. 

The $3,500 award is given annually by the 
Radio Corporation of America. It is 
designated for the New York University 
(NYU) student who, in the opinion of the 
faculty, shows the greatest promise of 
achievements in the field of electronics and 
communications. 

Mr. Wechsler graduated from the Bronx 
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High School of Science in 1945. From 1950 
to 1952 he served as a sergeant with the 
United States Army in Germany. He 
attended NYU and received the degree of 
bachelor of electrical engineering last June, 
graduating summa cum laude and first in his 
class. 

He will use his fellowship to study toward 
a master’s degree in electronics, specializing 
in electronic computer techniques. During 
the past summer he was employed in the 
Research Division of the NYU College of 
Engineering. 

As an undergraduate, Mr. Wechsler was 
president of Eta Kappa Nu, honorary elec- 
trical engineering society, and was a mem- 
ber of Tau Beta Pi, honorary engineering 
society. He also has won the $1,000 Hugo 
Gernsback Award and the James Loring 
Arnold Prize at NYU. 





2. District 
Class 
(a). Best paper, any class 


undergraduate Student 
member in District 
competition 

3. Section 


certificate for each winner. 
4. Branch (Undergraduate) 


(a). Best paper 





Annual AIEE Prizes in Various Classifications 


The following is a reminder of the awards which are available each year in 


First Prize 
$75 and certificate 
(6). Best paper presented by $25 and certificate 


$100 to be divided at the discretion of the Section, with a maximum of $50 for any one prize, and 


Class First Prize 
$10 and certificate plus an allow- Certificate 
ance of 13 cents per mile one way 
for 800 miles or less and 10 cents 
per mile one way for remaining 
distance to the District Student 
prize paper competition 


The complete rules for the award of prizes for AIEE technical papers appear | 
in the September 1954 issue of Electrical Engineering (pages 825-6). 


classification : 
1. Institute 
Class First Prize Additional Prize 
1. (a). Each Division $100 and certificate Certificate (In special cases addi- | 
Communication tional certificates may be 
General Application awarded at the discretion of 
Industry the Committee on Prize Awards 
Power for Institute papers.) 
Science and Electronics 
(6). Paper outside Division $100 and certificate None 
jurisdiction 
(c). Best Student paper $100 and certificate Certificate 


Additional Prize 
$50 and certificate 
Certificate 


Additional Prize 





ad 
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Conference on Magnetic 
Amplifiers Scheduled for April 


The program for the Conference on Mag 
netic Amplifiers, cosponsored by AIEE 
Committee on Magnetic Amplifiers, IRE 
Professional Group on Industrial Electronics, 
and ISA Central New York Section, will 
consist of four half-day technical sessions 
and a manufacturers exhibit of magnetic 
amplifiers, components, and associated prod- 
ucts. 

The first technical session will consist of 
a group of invited papers by guest speakers 
who are well-known authorities in their 
respective fields. The other three sessions 
will be composed of papers chosen from those 
submitted to the Technical Program Com- 
mittee in the form of a 200-word summary 
before’ December 21; 1955. Two copies of 
the papers chosen must be available at the 
conference in final form so that they can be 
published in the Report of the Special Tech- 
nical Conference. Additional information 
can be obtained from Mr. C. F. Spitzer, 
General Electric Company, Building 3, 
Electronics Park, Syracuse, N. Y. 


16 Honorary Degrees 
Bestowed by Polytechnic Institute 


The Polytechnic Institute of Brooklyn, 
N. Y., climaxed the celebration of its Cen- 
tennial anniversary by awarding 16 honorary 
degrees to industrial, scientific, and com- 
munity leaders at a convocation. 

The year-long Centennial celebration was 
marked under the theme “Science, Engi- 
neering, Research for Human Well Being.” 
Forty scientific, engineering, and educa- 
tional conferences were held during the 
celebration. 

The honorary degree recipients were 
chosen on the basis of their accomplishments 
in a field of study offered at Polytechnic, or 
outstanding services to the community or 
Polytech. The list of honorary degree 
recipients included: Mervin J. Kelly (M 


Officers 


Ohio Valley Section Installs 


Mr. J. C. Strasbourger, Vice President, District No. 11, AIEE, addressed the Ohio Valley Section on 
Institute Affairs at their September meeting at the Hotel Frederick, Huntington, W. Va. In addition to 
being the principal speaker, he assisted in the installation of the 1955-56 officers for the 
Section and the Scioto Valley Subsection. Seated Left to Right: R. W. Wagner, Section Vice-Chairman 
(1955-56); F. R. Willoughby, Section Secretary-Treasurer (1955-56); H. H. Kincaid, Section chairman 
(1955-56); C. H. McCann, Secretary-Treasurer—Subsection (1954-55). Standing Left to Right: 
J. C. Strasbourger, Vice-President AIEE District No. 11; H. P. Hagaman, Jr., Section Chairman (1954-55); 
W. M. Lewis, Jr., Subsection Chairman (1954-55); N. P. Bromley, Director (1955-56); E. J. Humphrey, 
Director (1955-56); J. M. Duncan, Subsection Secretary-Treasurer (1955-56); P. W. Meadows, Sub- 
section Chairman (1955-56). 





°26, F °31), president of Bell Telephone 
Laboratories, N. Y., doctor of engineering 
degree; Philip Sporn (AM ’20, M’26, F’30— 
Edison Medalist 1945), engineer and indus- 
trialist, president of American Gas and 
Electric Company, N. Y., doctor of engineer- 
ing degree; Lloyd V. Berkner (AM ’29, 
M °36, F °47), geophysicist and president of 
the Associated Universities, Inc., Brook- 
haven, N. Y., doctor of science degree; and 
Erich Hausmann (AM ’06, M 713, F 718, 
Member for Life), engineer and dean 
emeritus of Polytechnic Institute, Brooklyn, 
N. Y., doctor of engineering degree. 


COMMITTEE ACTIVITIES 


Editor’s Note: This department has been created 
for the convenience of the various AIEE technical 
committees and will include brief news reports 
of committee activities. Items for this department, 
which should be as short as possible, should be 
forwarded to R. S. Gardner at AIEE Head- 
quarters, 33 West 39th Street, New York 18, N. Y. 


Power Division 


Committee on Substations (J. S. Mendenhall, 
Chairman; W. S. Scheering, Vice-Chairman; 


HONORED at Brooklyn Polytechnic Institute's Centennial, 16 scientific, industrial, and community leaders 
received honorary doctors degrees at the closing Centennial Convocation. (Left) P. Sporn, president of 
American Gas and Electric Company, receiving a degree from the hands of H. S. Rogers, president of 
the Institute. (Above) H. S. Rogers presenting degree to M. J. Kelly, president of the Bell Telephone 
Laboratories. 


Institute Activities ELECTRICAL ENGINEERING 














J. A. Smith, Secretary). The Committee on 
Substations held a round table discussion on 
the subject, ‘Future Trends in Substations,” 
at the 1955 AIEE Fall General Meeting in 
Chicago, Ill. This meeting was attended by 
approximately 40 members of the committee 
and their guests. 

One full day was spent discussing present 
and future practices of the various utilities; 
some comments were made by the representa- 
tives of the manufacturers on the committee 
concerning future developments in equip- 
ment. Many diverse opinions and practices 
were brought out, although there seemed to 
be definite trends along certain lines. Among 
the ideas that seemed to be indicative of the 
future were greater use of 3-phase reclosers, 
higher transmission and distribution voltages, 
and increased usage of 3-phase transformers 
rather than single phase. There also seems 
to be some trend toward the reduction of 
electrical clearances in line with the recom- 
mendations of an AIEE committee report, 
which was presented at the 1954 Winter 
General Meeting. 

The Automatic and Supervisory Control 
Subcommittee has practically completed 
its work on the revision of C37.2-1945, 
*‘American Standard for Automatic Station 
Control, Supervisory and Associated Tele- 
metering Equipment.” It is expected that 
the fifth draft of this revision soon will be sent 
to the Standards Committee for their ap- 
proval. 


Committee on Insulated Conductors 
(M. W. Ghen, Chairman; L. E. Fogg, Vice- 
Chairman; F. M. Hull, Secretary). Work 
has been started at Princeton University, 
Princeton, N. J., on the 3-year project to 
study thermal characteristics of soils. It is 
expected that results of great value will be 
available to operators of underground cables 
and particularly pipe-type cables as this work 
progresses. 

Work is advancing on a study of lightning 
protection of aerial cables which should re- 
sult in greater protection for this type of 
equipment. 


Science and Electronics Division 


Committee on Magnetic Amplifiers (W. J. 
Dornhoefer, Chairman; H. W. Lord, Vice- 
Chairman; A. B. Haines, Secretary). In order 
to provide adequate representation of the 
rapidly expanding field of magnetic ampli- 
fiers, the committee has been increased from 
22 to 31 members and several of the newly 
appointed members were present. The size 
of several of its subcommittees has also been 
increased. 

This committee’s Application Subcom- 
mittee sponsored a well-attended session at 
the 1955 National Electronics Conference at 
Chicago, Il. 

At present, the chief activity of the com- 
mittee is directed toward a Special Tech- 
nical Conference on Magnetic Amplifiers to 
be held in Syracuse, N. Y., on April 5-6, 
1956. This conference will be under the 
joint sponsorship of the AIEE, Institute of 
Radio Engineers (IRE), and Instrument 
Society of America (ISA). The program will 
include both invited and contributed tech- 
nical papers. An exhibit of pertinent devices 
and components will be held in conjunction 
with this conference. 
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“Meet the Engineer” 





PHILADELPHIA SECTION MEMBERS were on the job when the Association for Computing Machinery 
(ACM) held its national meeting at the Penn-Sherwood Hotel, in Philadelphia, Pa., September 14-16. 
The Section sponsors a local radio program, “Meet the Engineer,” broadcast over station WFLN. Pro- 
gram material is obtained from various engineering meetings, particularly those in which the electrical 
engineer has an interest. The small picture at upper left shows Dr. Morris Rubinoff (center), chairman of 
the local arrangements committee for the ACM meeting being interviewed by Philadelphia Section 
member T. H. MacCauley (right). Mr. MacCauley is chairman of the radio committee for “Meet the 
Engineer.” At left is tape recorder engineer making a recording of the interview. Speeches made at the 
meeting were put on a tape and Mr. MacCauley is shown obtaining more details about a recorded 
address made by Dr. Rubinoff. The large picture was taken during one of three ACM luncheon talks. 





First Student Branch Meeting 





STUDENT BRANCH MEETING of Newark College of Engineering. C. Wheatley and A. 
Peldunas of Radio Corporation of America demonstrating transistorized equipment to M. 
Kiss, Student Branch chairman and other student members. 
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Electrical Techniques in Medicine and 
Biology (7. H. Rogers, Chairman; H. P. 
Schwan, Vice-Chairman; W. S. Lusby, Secre- 
tary). The committee continues, as one of its 
principal activities, to sponsor, jointly with 
Institute of Radio Engineers (IRE) and 
Instrument Society of America (ISA), the 
annual Technical Conferences on Electrical 
Techniques in Medicine and Biology. The 
Eighth Annual Conference was held in Wash- 
ington on November 14-16, and included a 
very interesting and successful symposia on 
Angiocardiography, Audiology, and Instru- 
mentation. These annual conferences are 
growing in significance in their role to pro- 
vide a forum for engineers, physicists, bi- 
ologists, and medical researchers to meet on 
common ground where each can contribute 
to the efforts of the others. 

Future plans of the committee also include 
a session of papers at the AIEE 1956 Winter 
General Meeting on various health and 
hazard preblems associated with electro- 
magnetic radiation, and a report on a new 
device for X-ray image intensification. 

At its last meeting, held in Chicago, III., on 
October 4, the committee decided to investi- 
gate the possible desirability of activity by 
the committee in the field of air pollution. 
An ‘tad hoc’? subcommittee was appointed 
to look into this matter and report thereon at 
the forthcoming AIEE Winter General 
Meeting. 


Committee on Electronics (A. M. Zarem, 
Chairman; J. M. Cage (Midwest), H. L. 
Flowers (Central), H. M. Stearns (West), 
D. G. Wilson (East), Vice-Chairmen; J. A. 
Goetz, Secretary). Committee activities were 
initiated this season with a successful dinner 
meeting at the AIEE Fall General Meeting 
in Chicago, Il]. The membership has been 
expanded to make the committee properly 
geographical in cross section, including the 
appointment of four sectional vice-chairmen. 

A planning group was established by the 
chairman to formulate the present scope and 
function of committee activities and to plan 
for its future development. An initial meet- 
ing of this group will be held during the 
forthcoming AIEE Winter General Meeting 
in New York City. A dinner meeting of the 
full membership of the Committee on Elec- 
tronics is also planned for the Winter General 
Meeting; time, date, and location to be 
announced later. 

Subcommittee activities remain essentially 
unchanged from the last review. The Sub- 
committee on West Coast Activities has been 
eliminated as a result of the appointment of 
a committee vice-chairman representing that 
area. 


Committee on Instruments and Measure- 
ments (Ernst Weber, Chairman; C. F. Savage, 
Vice-Chairman (East); W. S. Pritchett, Vice- 
Chairman (West); P. K. McElroy, Secretary). 
The direct committee membership has been 
reduced to the chairmen and vice-chairmen 
of the Group Subcommittees, and these in 
turn have been given nearly the autonomy 
of full-fledged technical committees in order 
to distribute the burden of papers review and 
session organization. In addition, severai 
of the Group Subcommittees are organizing 
or cosponsoring special technical conferences, 
such as the National Telemetering Confer- 
ence, Conference on Controlling and Record- 
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ing Instruments, High Frequency Measure- 
ments Conference, Electronic Components 
Symposium, and Conference on Instrumen- 
tation in Medicine and Nucleonics. 

Standardization activities have led to the 
completion of the new issue of the American 
Standard for Electrical Indicating Instru- 
ments, C-39.1-1955. The Master Test Code 
of Electrical Measurements in Power Cir- 
cuits, cosponsored by the American Society 
of Mechanical Engineers, has now been 
approved by the Standards Committee. 
Both standards will be available in published 
form around the first of the year. Specifica- 
tions for several electronic instruments have 
also been developed in co-operation with a 
corresponding subcommittee in the Institute 
of Radio Engineers. Work on definitions in 
American Standards Association C-42 is 
progressing. 

The committee has again co-operated in 
the program of the Instrument Society of 
America in Los Angeles, held September 
12-16, 1955. 


Otto Robert Schurig* (AM ’14, M ’18), 
professor of engineering, Union College, 
Schenectady, N. Y., has been transferred to 
the grade of Fellow:in AIEE “‘for contribu- 
tions to increased knowledge and under- 
standing in several areas of electrical en- 
gineering, particularly of the electromagnetic 
forces and temperature rises of buses and 


‘conductors carrying heavy currents.” Mr. 


Schurig was born in Zwickau, Germany, 
May 7, 1890. He graduated from Harvard 
University and received a bachelor of arts 
degree, cum laude, in 1910; he obtained a 
bachelor of science degree in electrical en- 
gineering in 1911 from the Massachusetts 
Institute of Technology (MIT), and also 
did graduate work at MIT from 1913 to 
1915, at Union College from 1925 to 1927, 
and again in 1946 to 1947. During the 
years 1911 to 1913, Mr. Schurig was em- 
ployed with Stone and Webster Corporation 
and later with the Blackstone Valley Gas 
and Electric Company where he acquired 
experience in meter testing, power station 
operation, and electrical distribution circuit 
engineering problems. While doing grad- 
uate work at MIT in 1913, he accepted the 
position of instructor in the electrical en- 
gineering department and worked as an 
assistant in the Research Division. Later he 
became administrative assistant to the direc- 
tor, Electrical Engineering Research Division. 
In 1917, Mr. Schurig was an engineer in the 
consulting engineering laboratory of the Gen- 
eral Electric Company. He began studies of 
the design and performance of d-c relays, in- 
cluding the development of control equip- 
ment for battery-operated navigation lights. 
He also began analytical studies relating 
to the appropriate design of switchgear 
components for electric transmission sys- 
tems and the formulation of suitable ap- 
plication guides defining limiting applica- 
tion conditions. During the next 24 years 
he assumed responsibility for the plan- 





* Mr. Schurig’s transfer to grade of Fellow was approved 
by the Board of Directors on August 17, 1955. 


Institute Activities 


journals. 


Industry Division 


Committee on Industrial Control (L. H. 
Matthias, Chairman; J. W. Picking, Vice- 
Chairman; R. W. Moore, Secretary). The Sub- 
committee on Test Codes, under the chair- 
manship of Mr. C. T. Evans, has completed 
and submitted to the main committee the 
second draft of a test code for ‘Procedures for 
Conducting Temperature Rise Tests, Re- 
sistors, Rheostats, and their Assemblies,” 
and ‘“‘Procedures for Conducting Continuous 
and Eight-Hour Temperature Rise Tests, 
A.C. and D.C. Controllers.” Other sections 
of a test code for Industrial Control Equip- 
ment are being drafted by the subcommittee. 

The Subcommittee on Electronic Control 
has completed a*seventh draft of proposed 
“Standard for Electronic D.C. Motor Con- 
trollers,”” and plans to present this standard 
as a conference paper at the AIEE Winter 
General Meeting. W. H. Elliot, chairman of 
this Subcommittee, is actively promoting 


work on a photoelectric devices standard. 


AIEE FELLOWS ELECTED 


Board of Directors Meeting, October 6, 1955 


ning, supervising, and development on elec- 
tric components relating to switchgear, with 
particular emphasis on solving problems 
relative to unusual method measurements 
and heavy-current circuit conductors and 
their application. He was active in the 
determination of short-circuit currents in 
low-voltage systems, current-carrying capaci- 
ties of conductors, and the application of 
silver as a contact material in electric circuits. 
In 1941, in the interest of National Defense, 
Mr. Schurig served as Administrative Officer 
of the Ballistic Research Laboratory, Army 
Ordnance Department, Aberdeen Proving 
Grounds, Md., and was elevated to the rank 
of colonel. In 1946 he was awarded the 
Certificate of Commendation and the Army 
Commendation Ribbon from the Ordnance 
Department for his outstanding performance 
of duty during the period 1941 to 1945. He 
returned to the General Electric Company 
engineering laboratory where he organized 
and supervised investigations and analytical 
studies to determine performance character- 
istics and design data relative to sea-water 
batteries. In 1947 he put into operation 
a security program for the general en- 
gineering laboratory; his operations were 
soon extended to include the Knolls Atomic 
Power Laboratory. Mr. Schurig also has 
been safety engineer and consultant on heavy- 
current engineering with the General Elec- 
tric Company. The engineering consulting 
work on heavy-current conductor systems 
involved principally rendering technical 
assistance to different departments on such 
problems as temperature rise of conductors, 
electromagnetic forces due to current flow 
and the bracing required to withstand these 
forces, current division between multiple 
conductor elements in a-c operation, etc., 
He holds many patents for his inventions, and 
has contributed many articles to professional 
Since September of this year, 
Mr. Schurig has been with the faculty of 
Union College as a professor of electrical 
engineering. He is a member of the Amer- 
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O. R. Schurig 


ican Ordnance Association and the American 
Society for Safety Engineers. 


Daniel Edward Harnett* (AM ’26, M’38), 
engineer, General Electric Company, Syra- 
cuse, N. Y., has been transferred to the grade 
of Fellow in AIEE “‘for engineering leader- 
ship in peacetime and military radio design 
and for contributions to standardization in 
monochrome and color television.” Mr. 
Harnett was born in Elmira, N. Y., July 20, 
1899. He received a bachelor of arts degree 
from Columbia University in 1922, and an 
engineering degree from the same university 
in 1925. Mr. Harnett is an expert on 
synchronization systems for television. He 
is a radio and television circuit designer and 
has been in charge of large engineering 
groups working in this field. He has de- 
signed amplifiers for motion pictures, broad- 
cast receivers and components, and the 
Sonora line of radio receivers and phono- 
graph combinations. In 1929 he was ap- 
pointed chief engineer for the Hazeltine 
Corporation and its subsidiaries. He was 
responsible for directing the firm’s engineer- 
ing staff and developed a wide variety of 
electronic equipment, which was important 
to the company’s advancement in manu- 
facturing radio and television receivers. 
During the years 1940 to 1941, he was a 
member of the first National Television 
System Committee (NTSC) which developed 
national standards for monochrome tele- 
vision. As chairman of the scanning panel, 
he presented the committee’s recommenda- 
tions in testimony before the Federal Com- 
munications Commission in 1941. In 1945 
he formed the Harnett Electric Corporation 
for the design and manufacture of coils of 
many kinds. During WWII he was active 
in the development of IFF equipment 
(identification, friend or foe), which is a 
coded beacon technique used by the military 
to distinguish between friendly and un- 
friendly radars. He co-ordinated the efforts 
of a large number of companies in the 
manufacture of this type of equipment. In 
1947 he was awarded the Certificate of 
Commendation by the United States Navy 
for his guidance in the development and co- 
ordination of production of a variety of 
identification and radar beacon equipments, 
which were used interchangeably in the 
Allied Services. Mr. Harnett, in 1948, de- 
signed: television and sound broadcast re- 
ceivers for the Emerson Radio and Phono- 
graph Company, New York, N. Y. In 1950 





* Mr. Harnett’s transfer to grade of Fellow was approved 
by the Board of Directors on August 17, 1955. 
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D. B. Smith 


he joined the General Electric Company, 
Syracuse, N. Y. That same year he was 
chairman of the panel on synchronization 
standards and a member of the co-ordination 
panel of the second NTSC, which developed 
the national color television standards now in 
effect. Mr. Harnett holds many patents 
for his design work in radio engineering. 
He has been working on advanced receiver 
development, including color television, since 
he joined the General Electric Company. 
He is a Fellow of the Institute of Radio 
Engineers and the Radio Club of America. 
Mr. Harnett served on AIEE’s Television 
and Aural Broadcasting Systems Committee 
(1953-55). 


David Beach Smith (AM °35, M °47), vice- 
president in charge of research, Philco 
Corporation, Philadelphia, Pa., has been 
transferred to the grade of Fellow in AIEE 
‘for his work in establishing natural color 
television standards and for his contributions 
to the radio and television arts.” Mr. 
Smith was born in Newton, N. J., December 
3, 1911. He obtained a bachelor of science 
degree from the Massachusetts Institute of 
Technology in 1933, and a master of science 
degree in electrical engineering from the 
same institution in 1934. Mr. Smith’s 
entire career has been with the Philco Cor- 
poration in Philadelphia, which he joined 
in 1934. At first he had a variety of assign- 
ments in the engineering and patent depart- 
ments, including that of assisting the vice- 
president in charge of engineering. In 1941 
he was made director of research and was 
given complete charge of research activities, 
including the administration of the Research 
Division of the engineering department. He 
was made vice-president in 1945 in charge 
of engineering for the corporation and 
wholly-owned subsidiaries. This position 
involved the complete responsibilities for 
technical affairs and the administration of 
the engineering department. The scope 
of products manufactured included radio 
receivers, phonographs, auto radios, tele- 
vision receivers, refrigerators, air conditioners 
electronic industrial equipment of different 
kinds including mobile communication 
equipment, television relay equipment, ter- 
minal equipment, etc. In 1948 he was made 
director. From 1936 to 1940 Mr. Smith 
was a member of the Radio Manufacturers 
Association Television Committee; from 1944 
to 1948, chairman of the association’s Tele- 
vision Systems Committee. During the year 
1940 to 1941 he was chairman of the panel 
on polarization and a member of three 
other panels of the first National Television 
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Cc, P. Stocker 


System Committee (NTSC) which developed 
standards for monochrome television. As 
chairman of the polarization panel, he pre- 
sented its recommendations in testimony be- 
fore the Federal Communications Com- 
mission in 1941. During the years 1951 to 
1953 he was vice-chairman of the second 
NTSC, which developed color television 
standards; he also served as chairman of 
Panel 18, the co-ordinating group of NTSC; 
from 1950 to 1951 he was chairman of the 
Ad Hoc Committee on Color Television. 
Mr. Smith has done various committee work 
and has held a directorship with the Institute 
of Radio Engineers (IRE). From 1944 to 
1946 he served as chairman of IRE’s Phila- 
delphia Section. In 1948 he was awarded 
the grade of Fellow in IRE. He served as 
vice-director of the Radio Television Manu- 
facturers Association, engineering depart- 
ment, from 1950 to 1953. He was a con- 
sultant and member of the Signal Corps Re- 
search and Development Advisory Council 
from 1952 to 1954. Mr. Smith is a senior 
associate of the American Association for the 
Advancement of Science, and a member of 
Tau Beta Pi, Eta Kappa Nu, Franklin In- 
stitute, and the American Ordnance Associa- 
tion. From 1947 to 1948 he served on 
AIEE’s Communication Committee. 


Closman Paul Stocker (AM ’39, M ’45), 
president and manager, Lorain 
Products Corporation, Lorain, Ohio, has 
been transferred to the grade of Fellow in 
AIEE “‘for his development of static ringing 
machines and dial tone generators.” Mr. 
Stocker was born in Uhrichsville, Ohio, 
January 11, 1904. He obtained a bachelor 
of science degree in electrical engineering 
from Ohio University in 1926. He then 
joined the Bell Telephone Laboratories, 
New York, N. Y., as an engineer of research 
and development in the communication 
field. In 1932, he developed a number of his 
own inventions. One of these was the 
static-type telephone ringer as an industrial 
product. It was upon such patents that his 
present business was founded. In 1935, 
with an associate, he organized the Lorain 
Products Corporation and became its vice- 
president and chief engineer. Additional 
versions of the original ringing machines 
were introduced under his direction and 
accepted by the Independent Telephone 
Operators and Bell Telephone System. In 
1947 Mr. Stocker became the company’s 
president and general manager. Since that 
time and under his direction other equip- 
ment for independent telephone companies 


general 
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as well as for the Western Electric Company, 
and the Bell System were developed. 
Notable among these are automatic battery 
chargers, selenium rectifiers, dial tone genera- 
tors, power supplies, and other allied com- 
ponents and equipment for communication 


and the general industrial field. Mr. 
Stocker has patents in 26 foreign countries. 
He is past president of the Lake Erie Chapter 
of the Ohio Professional Engineers Society, 
and is a member of the Cleveland Engineer- 
ing Society. 


AIEE PERSONALITIES 


H. P. Seelye (AM ’19, F °43), manager of 
engineering for the Detroit (Mich.) Edison 
Company, has retired after 39 years of serv- 
ice with the company. A_ native of 
Marshall, Mich., he was first employed by 
Detroit Edison in 1907 in the customer’s 
accounts department. He was graduated 
from the University of Michigan with a 
bachelor’s degree in civil engineering in 
1912, Re-employed at Detroit Edison in 
1916, he worked in the distribution engi- 
neer’s department before service in 1917-18 
as a lieutenant in the U. S. Army Coast 
Artillery Corps. He rose through various 
positions in the company’s Electrical Engi- 
neering Division to become chief engineer of 
the engineering department in 1949. He 
has been manager of engineering since 1952. 
A specialist in system engineering planning, 
he is the author of many books, among these: 
“‘The Economics of Electrical Distribution” 
and “Electrical Distribution Engineering.” 
He is a regular contributor of articles to 
various journals of the electrical industry. He 
is active in the Edison Electric Institute, 
where he has served as chairman of several 
special committees, and is a member of the 
Engineering Society of Detroit. He was on 
the Domestic and Commercial Applications 
Committee of AIEE (1941-50). 


J. B. Russell (AM °34, F ’51), professor of 
electrical engineering and department head 
at Columbia University, New York, N. Y., 
has been appointed as a full-time consultant 
by the Electronics Division of the General 
Electric Company. He is now a member of 
the engineering staff of the electronics lab- 
oratory, located in Syracuse, N. Y., and is 
working on the application of the new 
magnetic and dielectric materials, as well as 
in the general field of electronics. Dr. 
Russell received all his technical education 
at the Massachusetts Institute of Technology 
and spent 3 years on the academic staff 
there. He moved to the electrical engineer- 
ing department of Columbia University in 
1931. For 5 years during World War IT he 
was engaged in supervising research and de- 
velopment work in the field of fire control, 
first as a technical aide to the National De- 
fense Research Committee and then as expert 
consultant in the Office of the Secretary of 
War. He is a Fellow of the New York 
Academy of Sciences, a senior member of the 
Institute of Radio Engineers, a member of 
the Association for Computing Machinery 
and the American Society for Engineering 
Education. Mr. Russell has served on the 
following committees of the Institute: Stand- 
ards (1939-50); Communication (1941- 
49); Basic Sciences (1947-49); Instruments 
and Measurements (1948-49); Industrial 
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Control (1948-49); Feedback Control Sys- 
tems (1949-50); and liaison representative, 
Standards Committee (1951-54). 


F. D. Troxel (AM ’26, F °50), partner and 
senior electrical engineer, Vern E. Alden 
Company, engineers, Chicago, IIl., has re- 
signed from the company but will continue 
in the capacity of consulting engineer. He 
has moved his permanent residence to 
Phoenix, Ariz. He has been doing consult- 
ing work in the Chicago area for 33 years. 
Mr. Troxel has served on the Power Gener- 
ation Committee of AIEE (1943-45). 


J. G. Stephenson (AM °42, M °48), engi- 
neer, Airborne Instruments Laboratory, 
Inc., Mineola, N. Y., has been promoted to 
assistant supervising engineer of the applied 
electronics section of the Research and Engi- 
neering Division. Mr. Stephenson gradu- 
ated from Yale University with a bachelor’s 
degree in 1939 and from Stanford University 
in 1941 with the engineer degree. Prior to 
his employment with Airborne Instruments 
Laboratory in 1945, Mr. Stephenson was a 
research associate at the Radio Research 
Laboratory of Harvard University, where he 
worked on radar countermeasures. He also 
served with the American-British Laboratory 
in England and was a technical observer in 
the Mediterranean area. In the 10 years of 
his employment with Airborne Instruments 
Laboratory, he has been associated with 
major developments in the fields of uhf re- 
ceivers, stable oscillators, and data-processing 
equipment. 


Bartow Van Ness, Jr. (AM ’23, F ’47), chief 
engineer, C. W. Watchorn (AM ’29, M ’48), 
efficiency engineer, and C. H. Rahe (AM’52, 
M ’55), senior electrical engineer, all of 
Pennsylvania Water and Power Company, 
have joined the Pennsylvania Power and 
Light Company’s engineering staff as a result 
of the recent merger with Pennsylvania 
Water. Mr. Van Ness has been appointed 
to the newly created position of assistant 
mechanical engineer in the mechanical engi- 
neering department; Mr. Watchorn is de- 
velopment engineer in the system planning 
department; and Mr. Rahe has become 
generating station engineer in the electrical 
engineering department. Mr. Van Ness is a 
native of Omaha, Nebr. After receiving a 
bachelor’s degree in engineering from Johns 
Hopkins University and a master’s degree in 
electrical engineering from Massachusetts 
Institute of Technology, he joined Pennsyl- 
vania Water in 1922 as assistant to the test 
engineer. Following promotions to electrical 
engineer, assistant to the chief engineer, and 
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assistant advisory engineer, he became chief 
engineer in 1952. He also held, simultane- 
ously, top supervisory positions with Safe 
Harbor Water Power Corporation, including 
that of chief engineer since 1942. He has 
been on the following AIEE Committees: 
Electrical Machinery (1938-46), Special 
Committee on Bargaining and Related Mat- 
ters (1945-48), and Board of Examiners 
(1950-55). He is a member of the American 
Society of Civil Engineers, American Society 
of Mechanical Engineers, American Stand- 
ards Association, and the Pennsylvania Elec- 
tric Association. For many years he has been 
an active member of national society engi- 
neering committees, having served as chair- 
man of the electrical equipment committee 
of Edison Electric Institute. Mr. Watchorn, 
a native of Waltham, Mass., received bache- 
lor of science and electrical engineering de- 
grees from Worcester Polytechnic Institute 
and later, while working for Pennsylvania 
Water, was awarded a bachelor of laws de- 
gree from the University of Maryland Law 
School. He joined Pennsylvania Water in 
1924 as test engineer after service with Gen- 
eral Electric Company and New York Edison 
Company. He also held the position of 
assistant to the general superintendent prior 
to being named efficiency engineer. He is a 
member of Tau Beta Pi and Sigma Xi. 
Mr. Rahe, a native of Baltimore, Md., had 
been electrical engineer of Pennsylvania 
Water since joining the utility in 1937, 
following service with the Chevrolet Division 
of General Motors Corporation in Baltimore. 
He was graduated from the University of 
Maryland with an electrical engineering 
degree and is a member of Tau Beta Pi and 
the electrical equipment committee of the 
Pennsylvania Electric Association. 


H. S. Osborne (AM ’10,F’21, Member for 
Life), retired president, American Telephone 
and Telegraph Company, New York, N. Y. 
and past president of the International 
Electrotechnical Commission, Montclair, 
N. J., received the Howard Coonley Medal 
for “service in advancing the national 
economy through voluntary standards.” 
The gold medal was presented at an award 
dinner October 25, during the Sixth National 
Conference on Standards at the Sheraton- 
Park Hotel in Washington, D. C. The 3- 
day conference was sponsored jointly by the 
American Standards Association and the 
National Bureau of Standards. Mr. Osborn 
has been very active in AIEE committee 
work. (For a complete listing of this service 
see page 1018 of the November . 1955, 
Electrical Engineering.) 


T. E. Palmer (M ’50), sales engineer, S&C 
Electric Company, Chicago, IIl., has been 
appointed to serve the entire state of Ohio 
for the company. G. C, Pappas (AM ’52), 
also sales engineer for S&C, has moved 
from Chicago to Indianapolis, Ind. He 
now serves the Indiana and Kentucky 
territory. 


David L, Johnson (AM ’49), assistant pro- 
fessor of electrical engineering at Oklahoma 
A. & M., has been appointed professor and 
head of the electrical engineering depart- 
ment at Louisiana Polytechnic Institute, 
Ruston, La. He served as AIEE Branch 
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Counselor from 1949-1955. He was chair- 
man of the 7th District Student Activities 
Committee, 1952-53; Program Committee, 
Fall General Meeting, 1950; Working Com- 
mittee, Electrical Conference for the Pe- 
troleum Industry, 1954. He is a member of 
Phi Kappa Phi, Tau Beta Pi, Eta Kappa Nu, 
Sigma Tau, Sigma Xi (Associate), and Pi 
Mu Epsilon. 


OBITUARIES 


Edward L. Nelson (AM ’20, M ’26), 
scientific chief of research and development 
Army Signal Corps, Washington, D. C., died 
September 21. Mr. Nelson was born in War- 
saw, Ind., 1891. He was well-known in 
the communications industry. He grad- 
uated from Armour Institute of Technology, 
Chicago, IIl., and in 1917 joined the engineer- 
ing staff of the Western Electric Company. 
During World War I, he was in England 
as a‘ radio-telephone specialist on anti- 
submarine devices and as radiotelephone 
officer with naval headquarters in London. 
In 1921 he joined the Bell Telephone 
Laboratories as supervisory engineer. He 
later became radio development engineer 
and was responsible for the design and 
development of commercial radio trans- 
mitting and receiving equipment. During 
World War II, he was in charge of many 
military radio and radar projects of the 
Bell Laboratories for both the U. S. Army and 
Navy. He was also responsible, after World 
War II, for the design and development of 
equipment for Bell System’s mobile radio- 
telephone service. He was a Fellow in the 
Institute of Radio Engineers, and a member 
of the Institute of Navigation. 


Thomas J. Little (M ’45), retired Eastern 
vice-president of the Pyle-National Company 
of Chicago, Ill., died recently. He was 
formerly the Eastern sales manager for the 
company in New York, N. Y. Mr. Little 
was born in Virginia City, Nev., 1892. 
He graduated from Union College, Schenec- 
tady, N. Y., and was an electrical engineer 
for many years with the Anaconda Com- 
pany and its subsidiary, the Anaconda Wire 
and Cable Company, New York, N. Y. Dur- 
ing World War IT, he was a consulting engi- 
neer for the New York Ordnance District and 
received an Award of Merit from the War 
Department. In 1945 and 1946 he also 
served with the Metals Group of the Military 
Government in Germany. 


MEMBERSHIP 


Recommended for Transfer 


The Board of Examiners at its meeting of October 20, 
1955, recommended the following members for transfer 
to the grade of membership indicated. Any objections 
to these transfers should be filed at once with the Secre- 
t of the Institute. A statement of valid reasons for 
such objections must be furnished and will be treated as 
confidential. 


To Grade of Member 


Agin, J., engineer, Radio Corporation of America, 
Camden, N. J. 
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Allen, J. S., transformer specialist, International General 
Electric Co., New York, N. Y. 

Andrew, E. H., Jr., assistant professor, electrical engi- 
neering, Texas A & M College, College Station, Tex 

Barnum, W. L., electrical engineer, U. S. Bureau of 
Reclamation, Yuma, Ariz. 

ee C. K., electrical engineer, Acro Manufacturing 

‘©., Columbus, Ohio 

Blefary, Vv. F., member of technical staff, Bell Telephone 
Laboratories, New York, N. Y. 

Boone, C. C., electrical engineer, Ebasco Services, Inc., 
New York, N. Y, 

Booth, R. C., chief engineer, Electric Eye Equipment 
Co., Danville, Ill. 

Bossman, L. J., works engineer, ac spark plug division, 
General Motors Corp., Milwaukee, Wis. 

Braly, R. E., assistant engineer, Baltimore Gas & Electric 
Co., Baltimore, Md. 

Bubenko, J. A., consulting engineer, Swedish State 
Power Board, Stockholm, Sweden 

Cammarata, J., department head, research and de- 
velopment section, Arma Div., American Bosch 
Arma Corp., Garden City, N. Y. 

Cataldo, J. B., director of research and development, 
Bull Dog Electric Products Co., Detroit, Mich. 
Chapman, C. R., assistant professor, electrical engineer- 

ing, Purdue University, Lafayette, Ind. 

Clark, J. R., design engineer, General Electric Co., 
Fort Wayne, Ind. 

Conklin, J. S., project engineer, Servomechanisms, Inc., 
El Segundo, Calif. 

Crenshaw, R. M., application engineer, General Elec- 
tric Co., San Francisco, Calif. 

Cunningham, G. W., electrical engineer, U. S. Corps of 
Engineers, Walla Walla, Wash. 

Daniels, H. A., assistant electrical engineer, Crown 
Zellerbach Corp., West Linn, Ore. 

DeByle, W. C., telephone equipment engineer, Western 
Electric Co., Chicago, Ill. 

DeRemer, K. R., electrical engineer, Victor Div., Radio 
Corporation of America, Harrison, N. J. 

DesRoberts, H. J., owner, DesRoberts Electrical Co., 

n, Mass. 

Edgell, E. E., engineer, Westinghouse Electric Corp., 
Buffalo, N. Y. 

Fenrick, M. J., electrical superintendent, Abitibi Power 
& Paper Co., Ltd., Sault Ste. Marie, Ont., Canada 

Flugum, R. W., consulting and application engineer, 
Westinghouse Electric Corp., Milwaukee, Wis. 

Fox, E. R., engineer, Westinghouse Electric Corp., 
Baltimore, Md. 

Frumhoff, E. L., chief electrical engineer, Daniel, Mann, 
Johnson & Mendenhall, 4261 Sunset Blvd., Los 
Angeles, Calif. 

Googin, T. M., electrical engineer, Consolidated Pur- 
chasing & Designing, Inc., San Francisco, Calif. 
Hale, C. J., process engineer, General Electric Co., 

Richland, Wash. 

Hudgings, D. W., design and development engineer, 
Radio Corporation of America, Camden, N 

Johansen, K. D., group engineer, dynamics staff, Boeing 
Airplane Co., Seattle, Wash. 

Jones, P. D., senior engineer, Control Engineering Corp., 
Norwood, Mass. 

Laone, E. T., commercial manager, Chesapeake & 
Potomac Tel. Co., Baltimore, Md. 

LeDoux, J. M., district manager, National Electric 
Products Corp., New Orleans, La. 

Mahmoud, M. A.., utilities general supervisor, Societe 
Egyptienne d’Engrais Et d’Industries Chimiques, 
Suez Egypt 

Marston, M. R.., Jr., electrical engineer, General Electric 
Co., San Diego, Calif. 

Maynard, C. A., vice-president, research and engineer- 
ing, The Indiana Steel Products Co., Valparaiso, 


na, 

McCullough, J. R., operations engineer, Ontario Hydro 
Electric Power Commission, Niagara Falls, Ont., 
Canada 

Mekelburg, L. J., drafting unit leader, Square-D Co., 
Milwaukee, Wis. 

Menke, E. M., assistant professor, electrical engineering, 
University of Nevada, Reno, Nev. 

Milde, N. H., supervisor, instruments, Northrop Air- 
craft, Inc., Hawthorne, Calif. 

Moran, R. E., electrical engineer, Chas. T. Main, Inc., 
Boston, Mass, 

Morrison, C., planning engineer, The Potomac Edison 
Co., Hagerstown, Md. 

Mutschler, W. H., Jr., assistant central station engineer, 
Allis-Chalmers Mfg. Co., Pittsburgh, Pa. 

Nettesheim, H. P., associate professor and chairman, 
electrical engineering department, University of 
Santa Clara, Calif. 

Nolte, R. E., associate professor, electrical engineering, 
Missouri School of Mines & Metallurgy, Rolla, Mo. 

Olsen, O. F., staff engineer, Grumman Aircraft Engi- 
neering Corp., Bethpage, N. Y. 

Orecchia, G., engineer, MEGALUX, Turin, Italy 

Pester, R. F., development engineer, General Electric 
Co., Schenectady, N. Y. 

Pettit, D. L., supervising design engineer, Square-D Co., 
Milwaukee, Wis. 

Pharr, J. C., project superintendent, Reynolds Electrical 
& Engineering Co., Inc., Los Alamos, N. Mex. 
Prescott, R. D., owner, Elite Drafting Service, Yonkers, 

N.Y. 


Price, B. E., sales manager, National Electric Coil Co., 
Columbus, Ohio 

Purcell, J. O., engineer, Electricity Supply Board, 
Dublin, Ireland 

Reynolds, H. L., director, utilities div., DPW., 9th 
Naval District, Great Lakes, Ill. 

Rich, R., consulting electrical engineer, 2686 W. Broad- 
way, Vancouver, B. C., Canada 

Robins, M., consulting engineer, Robins Engineering 
Co., New Haven, Conn. 

Sandlin, J. L., vice-president and sales manager, 
Priester Supply Co., Inc., Dallas, Tex. 


Institute Activities 


Saunders, H. O., Jr., engineer, American Tel. & Tel 
Co., New York, N. Y. 

sme og B., field engineer, Elliott Co., New York, 
N 


Schvrns-H. P., associate professor, electrical engineering, 
Moore School of Electrical Engineering, Phila- 
delphia, Pa. 

Seschachar, K. V., electrical engineer, The Tata Iron & 
Steel Co., Ltd., Jamshedpur, India 

Smith, E. H., partner, Smith & Strain, EE, 3158 Maple 
Dr., N. E., Atlanta, Ga. 

Spencer, J. E., transmission engineer, Southern Bell Tel. 
& Tel. Co., Birmingham, Ala. 

Steward, H. R., assistant supervisor of electrical tests, 
Pennsylvania Power & Light Co., Hazleton, Pa. 
Stewart, RK. L., head meter and relay departments, 

Grand River Dam Authority, Pryor, Okla 

Stoddard, H. G., substation design engineer, Texas 
Power & Light Co., Dallas, Tex. 

Strong, G. H., electrical engineer, General Electric Co., 
Richland, Wash. 

Tipton, D. C., Jr., relay and general test field engineer, 
Tennessee Valley Authority, Knoxville, Tenn. 
Winter, J. H., Jr., assistant engineer, Baltimore Gas & 

Electric Co., Baltimore, Md. 

Wolstencroft, E., district manager, English Flectric Co 
of Canada, Vancouver, B. C., Canada 

Woody, E. W., system supervising control engineer, 
Appalachian Electric Power Co., Roanoke, Va 


72 to grade of Member 


Applications for Election 


Applications for admission or re-election to Institute 
membership in the grade of Member, have been received 
from the following candidates, and any member ob- 
jecting to election should so notify the Secretary before 
December 25, 1955, or February 25, 1956, if the appli- 
cant resides outside of the United States, Canada, or 
Mexico. 


To Grade of Member 


Altekruse, J. L., Goodyear Aircraft Corp., Akron, Ohio 
Babin, R. S., Anderson-Nichols & Co., Boston, Mass. 
Bailey, H. T., Brillion Iron Works, Inc., Brillion, Wis 
Bales, C. A., U. S. Steel Corp., Gary Ind. 

Bansal, D. R., Punjab Engineering College, Chandigarh, 


India ; 
Blake, W. R., Western Switchboard Co., San Francisco, 
Jalif. 
Bodle, D. W., Bell Telephone Laboratories, Inc., Murray 
Hill, N. J. 


Bryan, J. M., Humble Oil & Refining Co., Baytown, 
Tex. vat 

Cheng, D. K., Syracuse University, Syracuse, N. Y. 

Cleworth, C. W., Cleworth Publishing Co., Inc., Textile 
Age Inc., Special Equipment Co., Cos Cob, Conn 

Cochran, D. H., E. I. du Pont de Nemours Co., Wil- 
mington, Del. 

Endres, R. O., RCA Engg. Products Div., Camden, N. J. 
Enslein, K., Cyclotron Lab., University of Rochester, 
Rochester, N. Y. ; 
Gheith, F., Egyptian Republic Telegraphs & Tele- 

phones, Cairo, Egypt 
Grim, J. P., Jr., Sarawak Oilfields Ltd., Lutong, Sara- 
wak, Br. Borneo 
Hawkes, H. D., Elliott Brothers (London) Ltd., Bore- 
hamwood, Hertfordshire, England 
Heikkila, F. E., Westinghouse Electric Corp., Lima, 
hio 
Jackson, N. P., Atomic Products Div., General Electric 
Co., Washington, D. C. 
Lowry, F. W., Westinghouse Electric Corp., Lima, Ohio 
Magruder, C. C., Kaiser Aluminum & Chemical Corp., 
Mead, Wash. 
Saori J. R., Sylvania Electric Products Inc., Danvers, 
ass, 


Quinlan, L. L., Inland Steel Co., East Chicago, Ind. 
Rhodes, A. E., Atomic Energy Commission, Los Alamos, 


N. Mex. 

Schenk, H. M., Stackpole Carbon Co., St. Marys, Pa. 

Schwabe, W. E., National Carbon Co., Niagara Falls, 
N.Y. 

Scott, J. B., Standard Telephone & Cables Pty. Ltd., 
Sydney, N. S. W., Australia 

Sealander, B. E., Republic Aviation Corp., Farmingdale, 
L. 1, N. ¥. 

Shea, R. F., General Electric Co., Schenectady, N. Y. 

Taylor, D. G., Gardner Electric Mfg. Co., Emeryville, 
Calif. 

Thanos, P. P., Inland Steel Co., East Chicago, Ind. 

Van der Spek, J. H., Syndicat d’Etude de !’Energie 
Nucleaire, Brussels, Belgium 

Wampach, R. G., Teletype Corp., Chicago, Il. 

Weinschel, B. O., Weinschel Engineering Co., Inc., 
Kensington, Md. 
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New Radio System and TACAN Provide 


Instant Contact between Carrier and Planes 


THE LAUNCHING of the supercarrier 
U.S.S. Forrestal at Newport News, Va., 
introduced a new advance in naval commu- 
nications systems. Backbone of the ship’s 
communications is a long-range, ultrahigh- 
frequency radio system which provides a vital 
“lifeline” between the 60,000-ton vessel and 
its fleet of approximately 90 aircraft. 

Developed by Federal Telecommunica- 
tions Laboratories (FTL), division of Inter- 
national Telephone and Telegraph Corpora- 
tion, the system is designed to meet the ex- 
tremely high reliability and performance 
standards set by the United States Navy 
which sponsored the project. Other FTL 
developed electronic aids aboard the sleek 
1,036-foot carrier include the TACAN 
(tactical aircraft navigation) radio beacon, 
heart of the aircraft guidance equipment of 
the vessel for tactical air navigation, a system 
developed for the United States Navy and the 
United States Army Air Force to pinpoint 
aircraft position, and related communications 
devices. 

As modern in concept as the ship’s flight 
deck, the Forrestal’s uhf radio gear is capable 
of providing the dependable, trigger-like 
communications demanded by its jet fighter 
planes. The system has an effective range 
of 11/2 times that of other equipment, and can 
operate at altitudes flown by the fastest 
modern jet aircraft. 

The most recent techniques in radio com- 
munications have been incorporated, in- 
cluding a unique antenna array that pro- 
vides full 360-degree coverage. The loca- 
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tion of the eight antennas on the deck 
corners and the gun tubs of the flight deck 
helps to eliminate interference from reflec- 
tions off the superstructure. 

The Bureau of Ships and the United States 
Navy, as well as FTL engineers worked to 
overcome one of the principal bottlenecks, 
that of interference from other antennas, 
ship superstructure, and reflections from the 
sea. In the system on board the Forrestal, 
special design features have made possible 
the installation of antennas with 180-degree 
coverage at deck corners where they are 
absolutely free from interfering objects. 
Instantly available radio communication 


INTEREST 


U.S.S. FORRESTAL, 
equipped with TACAN, 
new  ultrahigh-frequency 
radio system, showing lo- 
cations of antennas 
(circled) on deck corner, 
and of radio beacon 
(circled) on mast. 


between the carrier and its air arm is provided 
by powerful new uhf electronic aids. Even 
with the antennas at half their former height, 
the new system can provide a much greater 
communication range than its World War 
II counterpart. 

The ultrahigh-frequency sector array 
type system aboard the Forrestal was first 
installed on the aircraft carrier U.S.S. Lake 
Champlain in June 1954, as a 4-antenna 
system. The TACAN system provides con- 
stant automatic distance and bearing in- 
dications on a meter which gives the in- 
formations in nautical miles and enables the 
pilot to fix his position on a chart. 


New York First State to Have 


Workers’ Radiation Protection Code 


REGULATIONS TO PROTECT workers 
in NewYork State from on-the-job hazards of 
atomic energy and other radiation have been 
adopted by the Board of Standards and 
Appeals and will become effective on De- 
cember 15. The new regulations, to be en- 
forced by the safety and industrial hygiene 
staffs of the New York State Department 
of Labor, are Industrial Code Rule No. 38. 

New York is the first state in the nation to 
have a comprehensive State safety code in 


Of Current Interest 


complete conformity with recent Atomic 
Energy Commission safety regulations. 
Rear Admiral William S. Maxwell (United 
States Navy, retired), chairman of the Board 
of Standards and Appeals, declared: 
“Approximately 150,000 New York State 
workers are employed in industries where 
exposure to the effects of industrial radiation 
is possible. The rule, as adopted, covers all 
phases of the field, including the industrial 
use of isotopes.” 
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The adoption of the code is the culmination 
of a 2-year study by a 26-man Labor Depart- 
ment advisory committee, composed of labor, 
management, medical, scientific, and Gov- 
ernment representatives. The code went 
through 12 different drafts before being 
considered by the Board, and was the subject 
of 7 public hearings before that body pre- 
ceding final adoption. 

The New York State Health Department 
recently adopted regulations in its Sanitary 
Code covering protection of personnel in 
hospitals, dental offices, and similar establish- 
ments. The two codes wiil complement each 
other, thus, covering most peacetime uses of 
radiation. 

Significant provisions of the code are con- 
tained in sections on registration, control of 
exposure, dose limits, installation surveys, 
keeping of records, personnel monitoring, 
caution labels, and signs. 


Major Code Requirements 


All installations and mobile services are to 
be registered. This will enable the Labor 
Department to have knowledge of the loca- 
tion, type, degree of hazard, and ownership 
of every radiation source in New York State. 
Existing installations must be registered by 
March 15, 1956. 

Each radiation installation must have a 
radiation safety supervisor and a radiation 
safety officer who is designated by the owner. 
Workers exposed to any radiation must be 
trained by a supervisor and be completely 
informed of hazards in the installations. 
Minors under 18 will not be permitted to 
to work in areas of possible hazard. 

The owner of an installation is given the 
option of two methods of determining dose 
limits—on a weekly basis or on a quarter- 
year dose limit basis. When a person is 
exposed to greater than the specified limits, 


the employer shall report the facts to the 
Commissioner. The rule takes effect where 
any employee may be exposed to one-tenth 
of the permissible doses as set forth in Code 
Rule No. 38. 

The radiation officer will be required to 
make a survey evaluating the hazard when 
conditions in the installations change, or 
more often when necessary. Proper detect- 
ing and measuring instruments must be 
readily available. 

Any employee who in any way receives 
25 per cent or more of the radiation dose 
limit must be supplied with and must use 
appropriate personnel monitoring equip- 
ment. These may be dosimeters or film 
badges or other similar devices. 

The code also sets up a requirement for 
precaution signs or labelling which must con- 
tain the standard radiation symbols, as 
specified in the code, and appropriate 
cautionary wording. 

The table of weekly permissible limits is 
as follows: 


(1) Entire body exposure: 300 mrem 
(milliroentgens equivalent mammal- 
a measure of radiation amount and 
relative effect on living tissue) in the 
blood-forming organs, gonads, and 
lens of the two eyes; 600 mrem in the 
skin. 

(2) Entire body exposed and low pen- 
etrating power: 300 mrem in lens of 
the eye, 1,500 mrem in any other 
part of the body. 

(3) Hands and forearms exposed only, 
1,500 mrem in the skin area. 

(4) Feet and ankles—1,500 mrem. 

(5) Hand and neck only, 1,500 mrem 
skin area: 300 mrem around eyes. 

(6) Inhaled or ingested radiation and 
direct exposure to rays together must 
not exceed appropriate limits per 
week, 


Insulation Contributes to Efficiency 


of Ohio Valley Electric Corporation Plants 


CONSERVATION OF FUEL under op- 
erating temperatures sometimes exceeding 
1,000 F is a challenging requirement . two 
Ohio River steam-electric generating plants 
now nearing completion. 

The Ohio Valley Electric Corporation 
(OVEC), and its subsidiary, Indiana- 
Kentucky Electric Corporation (IKEC), 
were organized in 1952 by 15 private electric 
utility companies to build, operate, and 
maintain the necessary generation and trans- 
mission facilities to supply the required 
power for a diffusion installation. 

The plants, together costing $325 million, 
are Clifty Creek Station, at Madison, Ind., 
and Kyger Creek Station, near Cheshire, 
Ohio, constructed to furnish power needs of 
the Atomic Energy Commission’s (AEC) 
new $1.15 billion uranium diffusion plant 
near Portsmouth, Ohio. 

Extensive use of thermal insulation help 
make the Ohio and Indiana facilities the 
nation’s most economical and efficient power 
generating stations. 

The Kyger Creek plant with a capacity of 
1.075 million kw and the Clifty Creek 
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facility of 1.29 million kw are scheduled to 
be finished in early 1956. Kyger Creek 
has five turbo-generating units of 215,000 
kw each, and Clifty Creek has six 215,000- 
kw units. Both plants have been in opera- 
tion, delivering power to the AEC, since last 
January. They are the two largest power 
plants ever built by private enterprise. 

The Portsmouth uranium diffusion center 
was built by the United States Atomic 
Energy Commission to produce U-235 for 
atomic defense weapons. 

Fiberglas and Kaylo insulations, both 
supplied by Owens-Corning Fiberglas Corp- 
oration of Toledo, Ohio, are being applied 
on pipes, breechings, boilers, and ducts to 
conserve heat and protect operating per- 
sonnel. 

The $4 million insulation contract placed 
with North Brothers of Atlanta, Ga., is 
believed to be the largest single insulation 
order in the electrical industry’s history. 
The Babcock & Wilcox Company, New York 
has the boiler contract. 

Each of the eleven 215,000-kw turbo- 
generating units is cross-compound in design, 
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Future Meetings of Other 
Societies 
American Society of Refrigerating Engineers, 


Annual Meeting. December 1-3, Traymore 
Hotel, Atlantic City, N. J. 


American Society of Agricultural Engineers, 
Winter Meeting, December 4-7, Edgewater 
Beach Hotel, Chicago, III. 


Agricultural Ammonia Institute, Annual 
Meeting, December 5-7, Hotel Muehlebach, 
Kansas City, Mo. 


Exposition of Chemical Industries, December 
5-9, Commercial Museum and Convention 
Hall, Philadelphia, Pa. 


The Society of the Plastics Industry, Inc., 
Conference of Film, Sheeting, and Coated 
Fabrics Division, December 6-7, Hote! Com- 
modore, New York, N. Y. 


American Society of Agricultural Engineers, 
Winter Meeting, December 11-14, Edgewater 
Beach Hotel, Chicago, Ill. 


American Society of Refrigeration Engineers, 
51st Annual Meeting, The Traymore, Atlantic 


City, N. J. 


American Pharmaceutical Manufacturers 
Association, Midyear Meeting, December 12- 
14, Waldorf Astoria Hotel, New York, N. Y. 


Nuclear Congress and Atomic Exposition, 
Sponsored by Engineers Joint Council and 
A.1.Ch.E., December 12-17, Public Auditorium, 
Cleveland, Ohio 


American Chemical Society, Pittsburgh Award 
Meeting, December 15, Pittsburgh, Pa 


Acoustical Society of America, December 15- 
17, Brown University, Providence, R. I 


19th Wright Brothers Lecture, United States 
Chamber of Commerce Building Auditorium, 
December 17, Washington, D. C 


American Association for the Advancement of 
Science, 122nd Annual Meeting, December 26- 
31, Atlanta, Ga. 


American Physical Society, December 28-30, 
University of Southern California, Los Angeles, 


Calif. 


National Science Foundation Conference, 
Low-Temperature Physics and Chemistry, 
December 28-30, Louisiana State University, 
Baton Rouge, La. 


American Chemical Society, Annua! Christmas 
Symposium, Division of Industrial and Engi- 
neering Chemistry, December 29-30, Princeton 
University, Princeton, N. J. 


Hydraulic Institute, January 8-10, 1956, 
Terrace Plaza Hotel, Cincinnati, Ohio 


Second National Symposium on Reliability 
and Quality Control in Electronics, sponsored 
by Institute of Radio Engineers, January 9-10, 
Hotel Statler, Washington, D. C. 


Compressed Air and Gas Institute, January 
16-18, Grand Hotel, Point Clear, Ala. 


Conference on the Practical Utilization of 
Recorded Knowledge, present and future, 
January 16-18, The School of Library Science, 
Documentation and Communication Research 
Center, Western Reserve University, Cleveland, 


Ohio. 


American Society of Heating and Air Condi- 
tioning Engineers, Inc., Annual Meeting, 
January 23-25, Cincinnati, Ohio. 


National Rural Electric Co-operative Associ- 
ation, 14th Annual Meeting, January 23-26, 
St. Louis, Mo. 


American Management Association, General 
Management Conference, January 24-27, 
Fairmont Hotel, San Francisco, Calif. 
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operating off a single boiler. Steam enter- 
ing the high-pressure side of the unit is super- 
heated to 1,050 degrees Fahrenheit and re- 
heated to the same temperature before enter- 
ing the low-pressure side. Pressure of the 
steam entering the high-pressure side is 2,000 
pounds per square inch. 

Annually, about 7 million tons of coal will 
be consumed by the two facilities. This 
amount could heat more than half the homes 
in Ohio for a year. 


SECTION OF KYGER CREEK PLANT (top left) being constructed 
at Cheshire, Ohio, to supply electric power to the atomic pro- 
duction center, Portsmouth, Ohio, shows three hot gas fives 


being covered with Kaylo insulation. 


(Bottom left) Heavy 


elastic fibered coating being sprayed over glass fabric rein- 
forcement on special duct insulation of breeching at Kyger 


Creek Station. 


(Above) Recirculating gas and flue ducts at 


Kyger Creek finished with mineral wool cement placed over 
the sprayed Kaylo insulation. 


Sponsoring companies are: Appalachian 
Electric Power, Cincinnati Gas and Elec- 
tric, Columbus and Southern Ohio Electric, 
Dayton Power and Light, Indiana and 
Michigan Electric, Kentucky Utilities, Louis- 
ville Gas and Electric, Monongahela Power, 
Ohio Edison, Ohio Power, Pennsylvania 
Power, Potomac Edison, Southern Indiana 
Gas and Electric, Toledo Edison, and West 
Penn Power, the 15 companies which joined 
to form OVEC. 


Atomic Particle Discovered by 
AEC and University of California 


DISCOVERY OF A NEW ATOMIC 
particle, the anti-proton, which may 
inaugurate a new era of nuclear research was 
announced jointly by the University of Cali- 
fornia and the Atomic Energy Commission. 
(AEC). 

The anti-proton (somctimes called the 
negative proton), a nuclear ghost which has 
haunted the world’s physicists for a genera- 
tion, was created from energy generated in 
the Berkeley bevatron—the most powerful 
atom-smasher in the world. 

Identification of the particle in one of the 
classical experiments of nuclear physics was 
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achieved by a team of radiation laboratory 
physicists—Drs. Owen Chamberlain, Emilio 
Segre, Clyde Wiegand, and Thomas Ypsil- 
antis—with the help of Herbert Steiner and 
the all-important co-operation of Dr. Edward 
J. Lofgren, physicist in charge of the bevatron. 
The anti-proton was first observed on Sep- 
tember 21, and the experiment was fully 
confirmed on October 17. 

Dr. Lawrence, inventor of the cyclotron 
and Nobel prize winner, stated that dis- 
covery of the anti-proton fulfilled one of the 
important purposes for which the AEC spent 
some $9.5 million in bevatron construction 
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costs plus annual research budgets. The 
radiation laboratory conducted one of the 
major fundamental research programs for 
the AEC since that agency was established. 

The discovery is a major fundamental 
achievement in physics although it is not 
possible now to evaluate it fully. 

‘Recalling that at the beginning of the past 
quarter century the discovery of the positive 
electron set off the remarkable develop- 
ments in nuclear physics that followed,” 
Dr. Lawrence said, “one cannot help but 
wonder whether the discovery of the anti- 
proton ... likewise is a milestone on the 
road to a whole new realm of discoveries in 
high-energy physics that are to come in the 
days or years ahead.” 

There is no known “practical” applica- 
tion of the anti-proton. Nor is there any 
known way in which the anti-proton could 
be used to generate energy as the neutron 
does in fission. The anti-proton is a heavy 
particle of the same mass but of opposite 
charge from the proton, which is one of the 
basic particles found in all atomic nuclei. 

The existence of anti-protons has been a 
basic tenet of generally accepted atomic 
theory for a quartersof a century. Despite 
continuing experiments With cosmic rays, the 
particle had not been detected. 

The discovery does not modify the model of 
the atomic nucleus, according to the dis- 
coverers. Rather it reinforces and solidifies 
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current theory. This elimination of un- 
certainty about one of the cornerstones of 
nuclear theory is one of the discovery’s most 
valuable features. 

The Berkeley scientists pointed out that the 
anti-proton does not exist in the atomic 
nucleus, which is composed of only protons 
and neutrons. Anti-protons are born and 
“live” only outside the nucleus following 
some high-energy nuclear event similar to 
the collision resulting from bevatron bom- 
bardment. The main reason anti-protons 
have not been discovered before is that 
they occur only at high energy. 

Until the bevatron was constructed nuclear 
bombardment of sufficient energy could not 
be made. The reaction is as follows: protons 
are accelerated in the bevatron to 6.2 billion 
electron volts. These particles are directed 
at a target of copper inside the bevatron 
chamber. When the proton crashes into a 


neutron in one of the copper atoms, out of 
the collision come the two original particles 
(the proton projectile and the struck neu- 
tron); and a brand new set of heavy particles 
a proton and an anti-proton. In the collision, 
a part of the bombarding proton energy is 
converted into mass according to Einstein’s 
theory. The particles are expected to be 
found in cosmic rays but in low abundance. 

The anti-proton is stable in a vacuum and 
does not disintegrate spontaneously. When, 
however, it comes into contact with the 
proton the two particles immediately decay 
into mesons and disappear. Essentially, the 
scientists demonstrated the anti-proton by 
devising selecting apparatus constituting a 
“maze” through which only anti-protons 
could pass. To date, the particles have been 
observed only by radiation counters. Efforts 
are being made to obtain photographs of 
them in photo-emulsions. 


First Electronic Range Offered 


by Tappan Stove to Average Consumer 


AN ELECTRONIC RANGE—most revo- 
Jutionary development in home cooking since 
introduction of electricity—has become a 
reality for the American housewife with 
offer of the first production models available 
to the nation’s consumers by The Tappan 
Stove Company. 

Company development engineers and 
home economists demonstrated three of the 
ranges which have been field tested for more 
than a year in a number of homes on a three- 
meal-a-day basis and which can bake a cake 
in six minutes in a cold oven. 

Improvements suggested by the home 
users, as well as advances made in the 


oes 
* 





research laboratory and test kitchen were 
utilized in the built-in model put on the 
market. 

The new oven is almost 10 times faster 
than conventional ovens, being capable of 
baking a potato in 5 minutes. Bacon can 
be broiled on a paper plate with a paper 
napkin crumpled beneath it to absorb the 
excess grease drippings. The new oven offers 
greater flexibility in cooking foods formerly 
prepared on surface units. A selection of 
high- or low-speed cooking is made and a 
timer is set according to the need of the food 
to be prepared. The electronic range timer 
is calibrated in seconds for the first three 


FIRST ELECTRONIC RANGE comes off The Tappan Stove Company assembly line after 
42 years development and 1% year field test. 
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minutes, and the range automatically shuts 
off when cooking is completed. 

It was found that the electronic range had 
many advantages not found in conventional 
gas and electric models beside the 1/10th to 
1/2 reduction in cooking time. Less dishes 
are needed inasmuch as food can be cooked 
in the glass or china serving dish which re- 
mains cool thus preventing food from sticking. 
Therefore, hand dish washing is made easier 
and all dishes washed in automatic dish- 
washers need no scrapping. Pots and pans 
are virtually eliminated. There is no heat 
in the kitchen, oven walls remain cool and 
can be wiped clean by using a damp cloth. 

The microwave unit used to cook the food 
was developed in conjunction with the Ray- 
theon Manufacturing Company. 

The built-in model weighs 150 pounds, has 
two sets of controls for the speed and timer 
settings, and is aluminum lined. The 
electronic unit will not operate unless the 
door is latched. Thus, users cannot come in 
contact with the microwaves. 

Because the electronic range transmits 
microwaves, the Federal Communications 
Commission assigned a frequency of 2,400 
megacycles to the cooking unit. The range 
will not interfere with reception either on 
radio or television sets. 

A 220-volt electric current using the same 
type of outlet and cable as an electric range 
operates the electronic range with no special 
installation or plumbing. Cost of operation 
is less than that of conventional ranges test 
users have found. 


Signal Corps Develops 
Miniature Magnetron Tube 


The world’s smallest continuous-wave, self- 
contained magnetron tube—a must for 
developing small mobile radar sets that can 
be carried by troops in fox holes to’ warn 
against approaching tanks—has been made 
at the United States Army Signal Corps 
Engineering Laboratories, Fort Monmouth, 
Ned. 

About the size of a golf ball, and weighing 
only eight ounces, this new tube is the same 
type that enabled Allied radar to pinpoint 
enemy ships and planes through fog and 
darkness with greater accuracy in World 
War II. 

The new tube is 50 times more powerful 
than the Klystron tube it is designed to re- 
place, and uses far less filament battery power. 
It transmits on a frequency about 100 times 
higher than that used by FM broadcasting 
stations. It also is expected to be of military 
value in short-range field communications 
operations, as between advanced lines and 
rear echelons. 

This extremely rugged tube physically 
resembles a standard-type receiving tube and 
operates from a plate supply of 450 to 500 
volts and a heater supply of 6 volts. 

Some commercial uses of the tube are 
deemed possible, such as in radar speed-con- 
trol systems now used on superhighways and 
through some community thoroughfares. 

The tiny magnetron tubes are made with 
watchmaking precision. Assembly of many 
parts, containing a dozen or more metals, 
requires highly skilled craftsmen. Micro- 
wave Associates, Inc., of Boston, Mass., 
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under United States Signal Corps contract, 
is to produce the tubes from laboratory 
specifications. 

The new tube was developed in the micro- 
tubes branch at Evans Signal Laboratory, 
a United States Signal Corps Engineering 
Laboratories component, under the direction 
of G. Ross Kilgore, director, Electron Devices 
Division. 


Thin Translucent 
Acid-Proof Film Demonstrated 


A thin, translucent barrier, a new type of 
film only four thousandths of an inch thick, is 
expected to protect delicate instruments from 
extremely corrosive atmospheric conditions. 
This new film made of Bakelite fluorothene 
resins has a tensile strength of about 25,000 
pounds per square inch, equaling or bettering 
the strength of other fabricated films. W. S. 
Shamban & Co., Culver City, Calif., pro- 
duces the chemically inert film for applica- 
tions in chemical, electronics, packaging, and 
other industries which demand an unusual 
combination of physical, chemical, and elec- 
trical properties. Tough and flexible, this 
film withstands highly corrosive chemicals 
such as fuming nitric acid and hydrazine, 
both used as rocket fuels. 

This chemical resistance is demonstrated 
with an ordinary pocket watch having parts 
sensitive to corrosion which remained un- 
affected when sealed in a film package and 
completely immersed in fuming nitric acid 
held at 230 F. A 10-penny nail dropped in 
at the same time completely dissolved in less 
than a minute. However, after five minutes 
in this highly corrosive bath the film-sealed 
watch was unaffected and continued to run. 
High dielectric strength of the film over a 
wide range of temperature and humidity 
conditions provides a positive and _heat- 
resistant insulation for resistors, capacitors, 
transformers, and other electrical com- 
ponents. Resistance to moisture, fungus 
growth, and hydraulic shock makes this 
translucent film useful for packaging. 





FLOUROTHENE FILM protects watch from cor- 
rosive nitric acid bath. 
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Dragline Moved 7 Miles 
Using Caterpillar Mobile Electric Set 


Transferring a 560-ton Marion 7400 walk- 
ing dragline 7 miles with mobile power has 
just been acomplished by Saxton Coal 
Corporation, Petersburg, Ind. It is believed 
to be the first time a dragline of such size has 
been moved as far with mobile power in a 
period of only 7 days. 

A power source was needed to provide 
enough electricity for the dragline to walk 
and also to make some of its own cuts. Three 
methods for moving the unit were possible. 
Disassembly and reassembly, in three months 
was most expensive; erecting utility power 
lines, time and again would be less expensive 
but take 30 days. The least expensive, tak- 
ing the shortest time, was to use the mobile 
power as was done. 

Saxton executives attending a meeting of 
the Open Pit Mining Association in Hibbing, 
Minn., saw a Caterpillar Mobile Electric 
Set on display. Powered by a Caterpillar 
D397 Electric Set, this unit is capable of 
delivering 315 kw. Inquiry showed that 
more than one set would be needed for 
the transfer. 

After negotiations with Caterpillar Tractor 
Co., Peoria, Ill., a tentative moving date was 
arranged. The second unit, a D397 was 
used to reduce complications. These two 
units made a total of 630 kw available. 

Right-of-way easements across private 
property were negotiated. Crop damage, a 
separate item, was paid after the dragline 
crossed the property. Working permits were 
acquired for railroad and powerline crossings. 

In all a total of seven roads, five power 
lines, and three railroads were crossed. No 
special charges were levied and only charges 
for time and labor were assessed by these 
concerns, 

One-thousand feet of power cable was 
used to walk the dragline. This allowed the 
unit to travel 2,000 feet before the Caterpillar 
Mobile Electric Sets would have to unhook, 
move, and reset 1,000 feet beyond the drag- 
line. 

Whenever possible, the dragline traveled 
around the clock. However, when highways 
railroads, or power lines were reached, 
night travel ceased. 

To facilitate this round-the-clock opera- 
tion, a total of 18 men were needed. Each 
shift comprised six men, not including 
Caterpillar personnel, in charge of the electric 
sets, or supervisory personnel of Saxton. 

The most difficult obstacles were the state 
highways, the bottom land, and the south 
fork of the Patoka River. There was always 
the danger in low terrain that the dragline 
would bury itself. 

Several times the dragline’s route passed 
over the little- and big-inch pipelines. It 
also passed over several waterlines. Before 
passing over these lines a protective cover of 
earth was laid. The amount of fill used 
varied according to the depth of the lines. 

On one occasion a member of the Oakland 
City (Ind.) Water Department used a 
divining rod to locate a siphon pipe. This 
seemed ironic beside the expensive equip- 
ment used during this operation. Land- 
owners along the route had their property 
fixed by a second Caterpillar D7 Tractor with 
dozer and a Bucyrus Erie 758 dragline. 

The Marion 7400 averages approximately 
400 feet an hour in good terrain. Each step 
covers about 6 feet, and during this 7-mile 
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WALKING DRAGLINE of Saxton Coal Corpora- 
tion being transferred 7 miles with two Cater- 
pillar Mobile Electric Sets providing power. 
The move took 7 days. 


trip the 560-ton unit was lifted up and down 
approximately 7,400 times. 

The Caterpillar Mobile Electric Sets 
supplied adequate power for the dragline’s 
operations. The peak load was 560 kw 
while walking, and 600 kw when digging in 
heavy material. More power was needed 
when the dragline traveled downhill than 
uphill because the unit had to be lifted against 
the grade. Voltage at the electric sets never 
dropped more than 5 per cent during peak 
loads; this did not include the line loss of 
1,000 feet of power cable. 

The new Saxton strip mine area will be 
located near the town of Oakland City, 
population 3,500, and is expected to produce 
slightly more coal per year than the old area 
which approximated 200,000 tons, 


International Union of 
Crystallography to Hold Symposium 


The International Union of Crystallog- 
raphy (1.U.Cr.) collaborating with Consejo 
Superior de Investigaciones Cient ficas will 
hold a symposium on “Structure on a scale 
between the atomic and microscopic dimen- 
sions” in Madrid, Spain, April 2-7, 1956. 
The results obtained by various well-known 
and new techniques including X-ray and 
electron diffraction and microscopy will be 
discussed. Those wishing to present papers 
should send the title and a 10-line abstract to 
the program chairman prior to January 1, 
1956. Address them to: Prof. A. Guinier, 
Conservatoire National des Arts et Metiers, 
292 Rue St. Martin, Paris (3e), France. 
Two I.U.Cr. Commissions (Crystallographic 
Apparatus and Crystallographic Teaching) 
will also hold meetings during this period. 
Further information may be obtained by 
writing to the secretary of the local committee 
Dr. M. Abbad, Serrano 118, Madrid, Spain. 

The Fourth General Assembly and Inter- 
national Congress of I.U.Cr. will be held at 
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McGill University, Montreal, Que., Canada, 
July 10-17, 1957, and will be followed by two 
symposia July 18-19. Additional informa- 
tion will appear as notices in Acta Crystallo- 
graphica. 


Nuclear Demonstration Gives 
Town Atomic Power and Light 


Electricity, produced from: nuclear energy 
has been used to light and power Arco, 
Idaho, the first community in the United 
States to receive its entire supply of power 
from a nuclear source. On July 17, 1955, 
electricity, produced in an experimental 
nuclear power plant operated by Argonne 
National Laboratory at the United States 
Atomic Energy Commission’s National Re- 
actor Testing Station 20 miles away, was fed 
into transmission lines supplying the small 
town. 

When reactor power was cut in, utility 
lines supplying conventional power to Arco 
from the Utah Power and Light Company 
were disconnected. The entire community 
of 1,200 inhabitants then depended solely on 
nuclear power for more than one hour. 

Although the transmission of electricity 
from the nuclear power plant to Arco was by 
prior arrangement discontinued after the 
demonstration had been completed, the 
generation of electricity at the testing station 
site was continued. 

A motion-picture record of the demon- 
stration was presented to the United Nations 
for use at the International Conference on 
Peaceful Uses of Atomic Energy, at Geneva, 
Switzerland. The United States delegation 
plans to make the film available during the 
conference to representatives of 72 nations 
in attendance. 

The experimental nuclear power plant, 


known as “Borax,” short for “Boiling Re- 
actor Experiment,” was the subject of a 
major technical paper presented to the 
conference August 9 by Dr. Walter H. Zinn, 
director, Argonne National Laboratory. 
The plant, which generates more than 2,000 
kilowatts of electricity, was designed and 
constructed by the laboratory. Harold V. 
Lichtenberger, who is a United States 
technical adviser at Geneva, is director of 
the laboratory’s activities at the test station. 

The reactor for the nuclear power plant 
has been under development by the labora- 
tory since 1953. An experimental facility for 
conducting studies of a reactor of this type 
was constructed at the testing station site in 
the summer of 1953 and tests on safety and 
steady state operating characteristics were 
conducted. The tests were sufficiently en- 
couraging so that additional studies were 
made in the summer of 1954. 

Experience gained during the operation 
of this reactor warranted the addition of a 
turbogenerator so that the steam being 
produced could be converted into a more 
usable form of energy. This generation 
plant was placed in operation on June 28, 
1955, and the production of electricity is 
continuing on a routine basis. 

The reactor consists of a pressure vessel 
containing an assemblage of enriched 
uranium-bearing plates submerged in water, 
plus a number of neutron-absorbing rods. 
The water circulates through the reactor 
core by natural convection. Steam, pro- 
duced by the heat created by the fissioning 
of uranium atoms, is conducted to the 3,500 
kilowatt turbogenerator, located in a nearby 
building. 

The simplicity of construction, ease of 
operation, low cost, and high degree of safety 
suggest the possibility that this type of small 
power plant may be suitable for use in re- 
mote areas or in conjunction with various 
types of mining or manufacturing operations. 








ELECTRICITY, produced from atomic energy by “Borax,” an experimental 
boiling water nuclear power plant operated by Argonne National Labora- 
tory (ANL) at. the Atomic Energy Commission's National Reactor Testing 
Station, was used for more than one hour on July 17, 1955, to light and 
power the town of Arco, Idaho. Meyer Novick, ANL engineer (left), turns 
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Camera Control System 
Is Developed by ARCD 


Development of an automatic, electronic re- 
mote-control system to operate aerial cameras 
in high-speed photo reconnaissance airplanes, 
recently was disclosed by the Air Research 
and Development Command, Headquarters, 
Baltimore, Md. 

The equipment, known as the Universal 
Camera Control System (UCCS), auto- 
matically controls camera settings and 
operation in flight, constantly adjusting for 
light, altitude, and ground speed variations. 
The system can operate in flight without hu- 
man attention. A single navigator-photog- 
rapher, as in the RB-47E aircraft, for in- 
stance, can also monitor and manually adjust 
the system. 

The equipment is flexible in that it can 
easily be adapted to control 1, or as many 
as 11 cameras, depending upon the photo 
coverage desired, and eliminates the need 
for many individual controls on each camera. 
UCCS thus substitutes electronic judgment 
for human judgment, and does a faster and 
more accurate job. The new camera con- 
trol system is being used for both high-level 
and low-level photography missions by Air 
Force reconnaissance aircraft. 

Personnel of the Aerial Reconnaissance 
Laboratory at Wright Air Development 
Center laid out the performance require- 
ments and general electronic design. A num- 
ber of electronic and photographic equip- 
ment manufacturers then developed and con- 
structed the system. Included were the Bill 
Jack Scientific Instrument Company, which 
did much of the development work, A. B. 
DuMont, Chicago Aerial Industries, and 
Fairchild Camera and Instrument Corpora- 
tion. 

The heart of UCCS is a series of analogue 





valve to release steam from Borax reactor into the turbine which drives 
3,500 kw capacity generator, at right. Interior (right) of ANL’s Borax 
reactor building. Reactor is in a pit under lower platform; reactor control 
rod mechanism is in the vertical housing. Arco was first community to be 
lighted exclusively by nuclear power on a city-wide basis. 
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computers. On a typical photographic 
reconnaissance mission, information regard- 
ing the focal length of each camera’s lens 
and the cameras’ angles in relation to the 
horizon are set into the system manually. 
Other information concerning film sensitivity, 
shutter speed, and focal length and type of 
lens is also manually set on the system. 

When the airplane is in flight and the 
photo run is about to begin, the pilot or 
navigator-photographer manually _ feeds 
ground speed and/or altitude information to 
the UCCS. (If necessary, this information 
could be fed into the system before takeoff. ) 
After that, all operation is automatic, and 
the system constantly determines and ad- 
justs the cameras to accomodate any varia- 
tions in lighting, ground speed, or altitude. 

Both daylight and night photography can 
be controlled by UCCS. In a night photo- 
graphic mission, UCCS records when each 
flash bomb or cartridge has been released, 
and calculates when each is to explode. 
Shortly before the explosion, UCCS opens 
the shutters of all cameras. When the bomb 
explodes, UCCS closes the shutters of each 
camera and is ready for the next bomb or 
cartridge already in the air. In the event a 
bomb or cartridge misfires, UCCS will close 
the shutters even though there has been no 
visible flash of light for activation. 

The UCCS is constructed on a unit or 
*‘building block” plan so that its many elec- 
tronic assemblies are interchangeable. Thus, 
if any portion of the equipment fails, it can be 
replaced quickly by a new “‘black box.”’ Not 
only does this simplify maintenance and 
supply, but it also enables the operator to 
quickly locate faulty units by plugging the 
suspected unit into another circuit to check 
its operation. 


Army Develops First 
Voice-Powered Telephone 


The human voice has been tapped for 
power by the United States Army Signal 
Corps Engineering Laboratory, Fort Mon- 
mouth, N. J. to operate a new radio- 
telephone device. The development is con- 
sidered to be a great boon both to military 
installations where electric power and wiring 
may be at a premium and to families where 
monoplizing of the phone is invariably cause 
for friction. 

Completely independent of wires and 
batteries, the voice-operated equipment 
weighs only a pound and a half and continues 
to operate as long as the user keeps talking 
into it. 

The technique employed puts the voice 
to work so that it both runs and operates 
a transistorized transmitter. After speech 
syllables strike the microphone, part of the 
power is filtered to operate the radio-tele- 
phone, while the rest puts “‘intelligence” into 
the signal it sends out. Thus, voice energy 
is substituted for electric energy in trans- 
mission. 

At the present stage of testing, this new 
kind of energy does a competent job up to 
600 feet. Further development plans call 
for a companion receiver weighing about 
three ounces, which could be powered by the 
same source, Voice energy would be built 
up and stored in the set when sending and 
used later for receiving. 

The new voice-powered radio-phone was 
conceived and developed by George Bryan, 
an engineer in the Physical Sciences Division 
of the laboratories. He housed his experi- 
mental unit in the shell of an ordinary 
military telephone. 





VOICE-POWERED RADIO TRANSMITTER experimental model built in a telephone in- 


strument shows wavy lines on oscilloscope. 


The tiny transmitter uses the impact 


of sound waves from speaker's voice to power electronic signal. 
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Military applications of the device are 
obvious: Transistorized transmission could 
eliminate batteries in both walkie-talkies 
and hand-held tactical radios, cutting weights 
in half and easing the soldier’s burden. 

As for civilian uses, engineers look forward 
to the day when small, self-contained radio- 
telephones will be used by businessmen to 
call the office while walking along the streets, 
by policemen operating in pairs, by hunting 
and fishing parties, newspaper reporters, fire- 
men, and others who must be in constant 
communication with headquarters. 


United States Army Reveals 
50-Language Writing Machine 


An Army soldier soon will be able to write 
efficiently in over 50 different languages on 
one typewriter-like device although totally 
unacquainted with the language he is typing. 
This remarkable achievement was announced 
by the Department of the Army. 

This durable, space- and weight-saving 
machine will be incorporated in mobile 
psychological warfare printing units. 

Research on this multilanguage modified 
Vari-typer was undertaken to satisfy require- 
ments of the United States for a means of 
communicating with populations in the 
major political and geographic areas of the 
world. Logistical and operational problems 
pointed to the need for eliminating bulky, 
movable type, typesetting, and reproduction 
equipment, and for reducing related op- 
erating difficulties in the field. The basic 
problem was to develop a composing ma- 
chine simple enough to be operated by a 
nonlinguistic soldier. A single machine with 
interchangeable type fonts to permit writing 
the major alphabetical language was needed. 

The Army Quartermaster Corps and the 
Office of the Chief of Psychological Warfare 
studied available equipment and recognized 
the Coxhead Vari-types and its mate, the 
Coxhead-Liner, as being most adaptable 
for this purpose. 

Manufactured by the Ralph C. Coxhead 
Corporation, Newark, N. J., these machines 
have been sold for the composition of office 
forms, booklets, and reports to be reproduced 
by commonly used methods of Mimeograph 
and Offset printing. 

Interchangeable type fonts simplified the 
Army’s problem with languages in the Latin 
alphabet. The problem was different with 
Hebrew, Arabic, the Indo-Chinese languages 
using Sanskrit, or a language such as Bur- 
mese with over 700 characters, in com- 
parison to 26 letters in the English alphabet. 

After exhaustive research in languages and 
with hundreds of engineering changes, the 
Army now has a Coxhead Vari-typer which 
writes in over 50 languages, including a 
reverse carriage model which types from 
right to left, needed for writing Hebrew, 
Arabic, Persian, Urdu, Malayan, Jowi, and 
Pushtu; languages spoken by relatively small 
linguistic groups. The Coxhead-Liner does 
a similar job in large sized types for head- 
lines. 

This new “50-Language Vari-Typer’’ is 
simple to operate. The message is written 
by a linguist in the language desired then 
appropriate numbers are substituted for the 
characters, with diagonals, circles, and 
squares to indicate punctuation. With the 
proper font in the machine, the operator 
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strikes the keys according to numerical 
sequence of the message. Completed, the 
typing resembles commercial printing. This 
is photographed; an offset plate is made and 
printing begins. 


Canadian Engineers 
Honor Colonel John By 


A fountain which stood in London’s 
Trafalgar Square (England) from 1845 until 
1948 has been placed on the bank of the 
Rideau Canal in the Center of Ottawa, Ont., 
Canada. 

To honor the founder of Bytown, and de- 
signer and constructor of the canal, The 
Engineering Institute of Canada arranged a 
luncheon at which Colonel By’s association 
with Ottowa and contribution to the Rideau 
Canal were presented by Dr. R. E. Heartz, 
president of the organization. 

Following the luncheon, guests proceeded 
to the fountain site beside the canal for the 
unveiling of the fountain and two plaques set 
in the cut-stone wall backing the fountain. 
An honor guard and a military band were in 
attendance provided by the Royal Canadian 
Engineers. 


Customer Service 
Film Test Laboratory Opened 


A new sales development and technical 
service laboratory, the most modern and 
complete of its kind, has been placed in opera- 
tion by the Du Pont Company’s Film Depart- 
ment at Chestnut Run, near Wilmington, 
Del. 

The laboratory, built at a cost of approxi- 
mately $1 million represents an expansion of 
Du Pont’s program of service to customers 
in. applications and use of cellophane, 
‘‘Mylar” polyester film, acetate film, cellu- 
lose sponges and sponge yarns, and cellulose 
bands. Its work includes exploration of 
new markets for these products and also is 
concerned with improvement of quality, 
properties, and utility of these products in 
all manufacturing phases. 

Operations range from physical testing of 
products to design and development of 
packages and packaging machinery, in- 
vestigation of problems of printing and lam- 
inating, and exploration of electrical and 
industrial applications of films. 

To help solve customers’ problems, the 
laboratory is equipped to duplicate or 
approximate closely the conditions of film 
department products used in the customers’ 
plants and serviceability of the item in the 
marketplace. 

It has a set of six rooms in which extremes 
of weather may be reproduced on a controlled 
basis. Temperatures in these rooms range 
from 0 F to 100 F, and relative humidities 
from 20 per cent to 90 per cent. Observa- 
tion of package performance in these rooms 
enables the laboratory to tell the manu- 
facturer what type of packaging film he 
should use and how he should use it for best 
results under conditions he is likely to 
meet in his particular market, both for pro- 
duce and for fresh and processed meats. 

The laboratory has a versatile laminator, 
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AT UNVEILING CEREMONY of Colonel John By Memorial are, left to right: Dr. R. E. 
Heartz, president of The Engineering Institute of Canada; the Honorable R. H. Winters, 
Minister of Public Works; Brigadier J. L. Melville, honorary colonel commandant of the 
Royal Canadian Engineers; and R. F. Legget, chairman of Ottawa branch, The Engineering 
Institute of Canada. All four are members of The Engineering Institute of Canada. 


DU PONT FILM  DEPART- 
MENT'S sales development 
and technical service labora- 
tory (above) is completely 
equipped for: testing elec- 
trical properties of “Mylar” 
film and other insulating ma- 
terials used in transformers, 
motors, and other electrical 
equipment. Operator checks 
polyester film (right) taken 
from a capacitor that has just 
been given a high-voltage 
test on the apparatus at left. 
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specially designed to permit reproduction of 
any laminating conditions a customer might 
encounter. It can be used to combine two 
flexible webs, such as cellophane and alu- 
minum foil, for a special packaging applica- 
tion or it may be used to combine a flexible 
film, such as ‘‘Mylar” polyester film, with a 
rigid material, such as wood or steel, for an 
industrial use. It may be used with water- 
emulsion adhesives or solvent-solution ad- 
hesives, and the adhesives may be applied in 
a variety of methods actually used in the 
trade. 

Although a major portion of the labora- 
tory’s effort is devoted to packaging all the 
way from original design to testing of the 
finished product, a substantial part of its 
work is directed toward industrial uses. 
The electrical laboratory has facilities for 
winding capacitors with ‘‘Mylar” insulation 
and for testing them under simulated condi- 
tions of use. It also has complete equipment 
for testing ““Mylar” as a dielectric material 
in transformers, motors, and other electric 
equipment. 


Cable Tension Measured for 
Installation Pull-Force Requirements 


A newly developed electrical method pro- 
vides a continuous record of forces required 
to pull electrical cables through under- 
ground conduits, The method is being used 
to study pulling techniques; the objectives 
being installation of longer lengths of cable 
and prevention of damage by excessive 
stresses. 

Electrical measurement and recording of 
fluctuating cable tension are made practical 
by an SR-4 load cell, supplied by Baldwin- 
Lima-Hamilton Corporation. The load cell 
does not deflect perceptibly under load be- 
cause the load-sensitive element is a steel 
bar on which SR-4 resistance wire strain 


gauges are bonded. Maxima of fluctuating 





load records can be read within plus or 
minus 150 pounds and mean loads, which 
are obscured by fluctuations, are estimated 
to be within 500 pounds. 

The recorder was modified with a built-in 
electronic amplifier and bridge circuit for 
null balance in force measurement, and with 
a selsyn motor and 60-to-1 gear reduction 
unit to drive the round chart which shows 
feet of pull vs pulling tension. This motor 
is controlled by a selsyn transmitter connected 
to a foot-counter wheel so mounted that it is 
held in contact with the wire rope. 

A maximum pulling force of about 20,000 
pounds was observed for a maximum length 
of 3,300 feet of cable. Pulling speeds were 
normally between 20 and 35 feet per minute, 
as determined by timing recorded lengths 
being pulled. The charts obtained provide 
a graphic record of instantaneous loads, 
making possible a better evaluation of the 
factors contributing to pulling tensions. 


Industrial Storage Batteries 
Use Polyethylene to Lengthen Life 


A decision has been made by Exide 
Industrial Division of Electric Storage Battery 
Company to switch from rubber to poly- 
ethylene in the construction of industrial 
storage batteries. Tubing and tube sealers 
which encase the active material and grid 
spines of the positive plates of all Exide- 
Ironclad industrial batteries will be made 
exclusively of polyethylene. The manufac- 
turer has found that use of this plastic with 
their slotted-tube plate design lengthens 
battery life and makes possible increased 
capacity. 

Polyethylene construction benefits, which 
Exide has made available in electric indus- 
trial truck batteries since 1953 and in railway 
car lighting and air-conditioning batteries 
since 1954, now will be extended to all 
Exide-Ironclad users for diesel starting, mine 


BALDWIN SR-4 
LOAD CELL 


locomotive power, marine, fir 
police telegraph applications. 

An increase of up to 20 per cent in battery 
working life is expected as a result of using 
polyethylene. Batteries tested in severe 
electric industrial truck use were found to 
have almost full-rated capacity after five or 
more years. In other rugged breakdown 
service life tests, polyethylene tube cells were 
able to deliver 80 to 82 per cent of capacity 
when rubber tube cells had only 37 to 42 
per cent of capacity and competitive flat 
plate cells had only 3 to 12 per cent of 
capacity. 

The big advantages of the finely slotted 
polyethylene tubes are that they withstand a 
wide range of working conditions within a 
battery, retaining their ideal original design 
dimensions, and elasticity. Polyethylene 
elasticity makes this plastic superior for 
slotted tube battery plates. Expanding and 
contracting freely while the battery is cy- 
cling, the tubes permit the pores of the active 
material to open and deliver full current. 
As the active material contracts the poly- 
ethylene holds it firmly in contact with the 
grid spine and prevents loss of active ma- 
terial. 

Effectiveness of polyethylene battery parts 
has permitted an increase in size of plates 
without corresponding increase in size of 
case. This lengthens working life and in- 
creases battery developed capacity. 

Quality can be controlled precisely, and 
polyethylene chemical properties and grades 
can be specified to assure conformity to 
highest standards. Through development 
and research, Exide assures users of a 
progressively better product. Use of trans- 
lucent polyethylene permitted introduction 
of additional manufacturing control, visual 
inspection procedure to assure complete 
filling of every tube with active material. 

Present suppliers of polyethylene for these 
batteries are Bakelite Company, a Division 
of Union Carbide and Carbon Corporation, 
and E. I. du Pont de Nemours and Com- 
pany (Inc.). 
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Fig. 1 (left). The forces necessary to pull cable through underground conduits 
are measured electrically by the Baldwin SR-4 load cell, which has 50,000 
pounds capacity, is 12 inches long, and 6! inches in diameter, held in tension 
in the boom end, and are recorded by the instrument being observed in fore- 
ground. Wire rope is pulled by winch at far end of boom over a snatch 
block above the manhole. 
feeding crew a half mile away. This system was developed by Philadelphia 
Fig. 2 (above). 
tension measuring system used by Philadelphia Electric Company. 


Radio communication is maintained with cable- 


Schematic diagram of the cable-pulling 
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1956-57 Graduate Fellowships 
by National Science Foundation 


Applications are now being received in 
connection with the National Science 
Foundation’s Fifth Annual Graduate Fel- 
lowship Program. During the next few 
months, college seniors and graduate science 
students throughout the United States will 
compete for more than 750 fellowship 
awards for a year of graduate scientific 
study during academic year 1956-1957. 
Applications for the 1956-1957 National 
Science Foundation Fellowship Program 
may be obtained from the Fellowship 
Office, National Research Council, Wash- 
ington 25, D. C. The closing dates for 
receipt of applications are December 19, 
1955, for postdoctoral applicants; and 
January 3, 1956, for graduate students 
working toward advanced degrees in science. 
Selections will be announced on March 15, 
1956. 

National Science Foundation fellowships 
are awarded to American citizens who will 
begin or continue their studies at the gradu- 
ate level in mathematical, physical, bio- 
logical, medical, engineering, and other 
sciences during 1956-1957 semesters. For 
the first time this year, the Foundation will 
award fellowships in fields of convergence 
between the natural sciences and the social 
sciences. Approximately 20 fellowships will 
be awarded in such convergent fields as 
mathematical economics, demography, in- 
formation and communication theory, and 
history and philosophy of science. 

Selections will be made solely on the basis 
of ability. The majority of the fellowships 
will go to graduate students seeking master’s 
or doctor’s degrees in science. About 80 
awards will be made to postdoctoral appli- 
cants. Graduating college seniors in the 
sciences desiring to enter graduate school are 
encouraged to apply for the awards. 

The rating system for selection of pre- 
doctoral Fellows will be based on: (1) test 
scores of scientific aptitude and achievement, 
(2) academic records, and (3) written evalu- 
ations of each individual from his faculty ad- 
visors and other qualified observers. Post- 
doctoral applicants will not be required to 
take examinations. Applicants will be rated 
by special fellowship panels, established by 
the National Research Council. Final selec- 
tion will be made by the National Science 
Foundation. 

For additional pertinent — information, 
inquiries should be addressed to the National 
Science Foundation fellowships award com- 
mittee. 


Revised Regulations for 
Electrical Equipment of Ships 


The council of The Institution of Electrical 
Engineers have authorized the preparation 
of a fourth edition of the “‘Regulations for the 
Electrical Equipment of Ships,” to supersede 
the existing Third Edition (1939) as amended 
by the 1947 Supplement. 

Comments or suggestions from interested 
bodies or persons should be addressed to the 


DECEMBER 1955 





SHOWN INSPECTING A SCALE MODEL of the Army Package Power Reactor, 
first nuclear-power generating station to be erected in the Washington, D. C. 
area, left to right are: Kenneth Kasschauv, ALCO manager of atomic engi- 
neering; Colonel James B. Lampert, chief of Army reactors branch; W. S. 
Morris, executive vice-president of ALCO; Admiral Lewis L. Strauss, chairman, 
United States Atomic Energy Commission (AEC); and Admiral W. D. Leggett, 
United States Navy (retired), ALCO vice-president of engineering. The unit 
was designed and is to be built by the company under AEC contract at Fort 
Belvoir, Va., during 1956 and will be in service by early 1957. 


Secretary of The Institution of Electrical 
Engineers, Savoy Place, London, W.C.2, 
England, and should be received by the com- 
mittee on regulations on or before January 
1, 1956. 


NICB Held 4th 
Atomic Energy Conference 


The 4th Annual Conference on Atomic 
Energy in Industry, sponsored by the Na- 
tional Industrial Conference Board, Inc., 460 
Park Ave., New York, N. Y., was held Octo- 
ber 26-28, 1955, at the Waldorf Astoria 
Hotel, New York, N. Y. Approximately 20 
sessions were held covering a wide variety of 
pertinent topics, such as nuclear power costs, 
safety, and health; atomic power plant con- 
struction and operation; the outlook for 


nuclear transportation; reactor designs, re- 
search, and package; reactor uses; radio- 
isotope uses; applications of gross fission 
products; and the investment outlook in 
atomic energy. 

In a paper outlining the use of package 
power reactors, Rear Admiral W. D. Leg- 
gett, Jr., of ALCO Products, Inc., Schenec- 
tady, N. Y., explained that an atomic powered 
generating station now can be operated for as 
little as a third more than a conventional 
power plant. The fuel cost of such a station 
would be 7-8 mils per kilowatt-hour, as com- 
pared with 5-6 mils for chemically fueled 
plants operating on fuel costing 40 cents per 
million Btu. 

In. the opinion of John Davis of the De- 
partment of Trade and Commerce of 
Canada, nuclear power may be able to win 
its way against the other sources of energy 
on the North American continent sometime 
around the year 1965. 


LETTERS TO THE EDITOR 


INSTITUTE members and subscribers are invited 
to contribute to these columns expressions of opinion 
dealing with published articles, technical papers, 
or other subjects of general professional interest. 
While endeavoring to publish as many letters as 
possible, Electrical Engineering reserves the right 
to publish them in whole or in part or to reject them 
entirely. Statements in letters are expressly under- 


An Arithmetical Curiosity 


To the Editor: 


The determination of integral values of 
X and Y to satisfy X?=PY?+4, P being 
prime, has considerable interest. For any 
one value of P it is easy to write down in- 
numerable fractional values, since a general 
solution is available; but the chance of hit- 
ting an integral one is generally remote and 
indirect methods must be sought. 

The case of P=97 is particularly interest- 
ing; a solution is given by X =125619266, 
and Y=12754704 which values are, I 


Of Current Interest 


stood to be made by the writers. Publication here 
in no wise constitutes endorsement or recognition 
by the AIEE. All letters submitted for publication 
should be typewritten, double-spaced, not carbon 
copies. Any illustrations should be submitted in 
duplicate, one copy an inked drawing without 
lettering, the other lettered. Captions should be 
supplied for all illustrations. 


believe, the lowest for this prime, but result 
in 17 digits on each side of the equation. 
That such a number, and nothing less, can 
absorb or make use of the 4 is remarkable. 
Incidentally, other solutions are deducible 
from this one, the first of them requiring 17 
digits for X. Perhaps a digital computer, in 
an idle spell, might seek the smallest solu- 
tion for P=97, and confirm or refute the 
claim that the figures quoted are the lowest. 


ALLEN B. FIELD (AM ’03, F °13, Member for Life) 
1928 Lamme Medalist, 


(Retired, Newbury, England) 
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NEW BOOKS 


The following new books are among those recently 
received at the Engineering Societies Library. Un- 
less otherwise specified, books listed have been pre- 
sented by the publishers. The Institute assumes no 
responsibility for stat ts made in the following 
summaries, information for which is taken from the 
prefaces of the books in question. 





MICROWAVE SPECTROSCOPY. By C. H. Townes 
and A. L, Schawlow. McGraw-Hill Book Company, 
Inc., 330 West 42nd Street, New York 36, N. Y., 1955. 
698 pages, 9'/«4 by 6!/4 inches, bound. $12. The aim 
of this book is to give a systematic and complete account 
of the theory and techniques of microwave spectroscopy. 
The discussion is especially full for phases of the theory 
of molecular spectra not adequately tested by older 
methods, and some attention is paid to obtaining in- 
formation on nuclear and molecular properties. Details 
of construction and operating characteristics of various 
types of microwave spectroscopes are also presented, anc 
appendixes give data necessary for investigating~ and 
interpreting microwave spectra. 


POWER PLANT MANAGEMENT. By _ Robert 
Henderson Emerick. McGraw-Hill Book Company, 
Inc., 330 West 42nd Street, New York 36, N. Y., 1955. 
339 pages, 91/4 by 6 '/, inches, bound. $6.50. A guide 
intended to aid all levels of management in making 
decisions regarding the design, administration, and opera- 
tion of power plants. Such subjects as the most suit- 
able method of power generation, storage of fuels, the 
outdoor power plant, specification writing, safety, train- 
ing of personnel, smoke prevention, maintenance, etc., 
are treated from the standpoint of the executive who 
wants to produce dependable power at low cost. De- 
tailed mathematical analysis has been voided in the 
discussion of engineering problems. 


PRINCIPLES OF NUCLEAR REACTOR EN- 
GiNEERING. By Samuel Glasstone. D. Van Nos- 
trand Company, Inc., 250 Fourth Avenue, New York 3, 
N. Y., 1955. 861 pages, 9!/« by 6!/« inches, bound. 
$7.95. This is a broad, over-all review of fundamental 
scientific principles, prepared for engineers who wish 
to know something of the impact of nuclear energy on 
their professional activities. It may also serve as a text 
for senior and graduate students. The separate chapters 
cover essentials of nuclear physics, reactor theory, instru- 
mentation and control, fuels and materials, and various 
associated problems of reactor design. A number of 
existing reactors are briefly described in the last chapter. 


PROCEEDINGS OF THE SYMPOSIUM ON 
PRINTED CIRCUITS. Sponsored by Engineering 
Department of Radio-Electronics-Television Manu- 
facturers’ Association. Engineering Publishers, G.P.O 
Box 1151, New York 1, N. Y., 1955. 122 pages, 11 by 
88/s inches, paper. $5. These proceedings contain 
the transcript of a panel discussion on techniques of 
producing printed wiring boards and 23 papers 
were delivered at sessions devoted to problems of 
design and production, reliability and service, manage- 
ment, components, and manufacturing. Subminiature 
circuits, silver migration, special clad materials, standard- 
ization, automation, quality control, and related topics 
are dealt with in the individual papers. 


WERKSTOFFKUNDE DER’ ELEKTROTECH- 
NISCHEN ISOLIERSTOFFE. By Hans _ Stager. 
Gebriider Borntraeger, Berlin, Germany, second edition, 
1955. 470 pages, 98/4 by 7 inches, bound. DM 75. 
The first two sections of this treatise on electrical in- 
sulating materials cover gaseous and liquid types. The 
third, and largest, section is devoted to solid dielectrics. 
The book presents both theoretical considerations and 
an extensive compilation of practical data, much of it is 
presented in the form of useful graphs and tables. The 
thorough coverage includes chapter bibliographies and 
detailed indexes 


THE COMPUTER DIRECTORY 1955. (Computers 
and Automation, vol. 4, no. 6, June 1955) Published 
by Berkeley Enterprises, Inc., 36 West 11th Street, New 
York 11, N. Y. 162 pages, 108/4 by 81/2 inches, paper. 
$4. The first part of this directory is a list of about 7,500 
persons in the field giving addresses and, when available, 
brief biographical information. Part two is a roster 
of organizations making computing machinery and sup- 
plying services of components. Part three is a classified 
directory of products and services for rent or for sale. 


THE METALLURGY OF ZIRCONIUM. 
Nuclear Energy Series) 
Frank Kerze, Jr. 


(National 
Edited by Benjamin Lustman, 
First edition, 1955, McGraw-Hill 
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Book Company, Inc., 330 West 42nd Street, New York 
36, N. Y. 776 pages, 91/4 by 61/4 inches, bound. $10. 
This volume is a critical review by more than 50 con- 
tributors of the many aspects of zirconium technology. 
Occurrence, reduction, refining, properties, and uses 
are covered in detail, and full chapters are devoted to 
melting and shaping, joining and finishing, and corro- 
sion, Emphasis throughout is on proved techniques 
and practices. 


THE PRINCIPLES OF ELECTROMAGNETISM. 
By E. B. Moullin. Oxford University Press, 114 Fifth 
Avenue, New York 11, N. Y.; third edition, 1955. 438 
pages, 9/2 by 61/« inches, bound. $7.20. The four 
major sections of this bodk'cover the elements of mag- 
netism, the second law of electrodynamics, iron in mag- 
netic field, and two grotips of special electromagnetic 
equations. In this editiom;.new material has been in- 
cluded on high-frequency resistance of rods and coils, 
and a set of 20 worked examples on cylinders and tubes 
in magnetic fields has been added. 


REGELUNGSTECHNIK. Edited by ‘“Fachausschuss 
fir Regelungstechnik des Vereines Deutscher In- 
genieure und des Verbandes Deutscher Elektrotechniker” 
1954, Deutscher Ingenieur-Verlag, Diisseldorf, Germany. 
282 pages, 98/4 by 61/2 inches, bound. DM 24. Acom- 
pilation of 27 lectures on control engineering grouped 
under the following headings: fundamentals; technology 
of regulators; process-controlled systems and regulators ; 
regulators for the process industries; regulation of drives; 
regulation of power plants and electrical networks; 
control of a d-c generator; and brief glossary of equiv- 
alent German, British, American, and French terms. 


SCHALTUNGSTHEORIE UND MESSTECHNIK 
DES DEZIMETER- UND ZENTIMETER-WELLEN- 
GEBIETES. By Albert Weissfloch. 1954, Birkhauser 
Verlag, Basel, Switzerland. 308 pages, 9°/4 by 63/« 
inches, bound. 33.50 fr. Circuit theory and measure- 
ment techniques in the decimeter and centimeter wave- 
lengths. It covers general quadripole circle theory, cir- 
cuits with homogeneous lines and their measurement, 
compound switching components and the variation with 
frequency of transformation properties, and tuning or 
matching procedures. 


PAMPHLETS 


The following recently issued pamphlets may be of 
interest to readers of ‘‘Electrical Engineering.”’ All 
inquiries should be addressed to the issuers. 


NEMA Standards Publication for Molded- 
Case Circuit Breakers, AB 1-1955. This pub- 
lication covers air circuit breakers, single-pole 
and multipole, assembled as an integral unit 
in a supporting and enclosing housing of in- 
sulating materials, for current ratings up to 
and including 600 amperes in frames not 
exceeding that rating, for voltages up to and 
including 600 volts alternating current, 250 
volts. direct current, and with interrupting 


- capacities of more than 1,000 amperes. In- 


formation is given concerning the ratings, 
testing and manufacturing, and the terms 
used throughout the book are defined. 
$1.75. For copies send to National Electrical 
Manufacturers Association, 155 East 44th 
Street, New York 17, N. Y. 


Writer’s Fact Sheet on Home Fixture 
Lighting. A 10,000-word digest of tech- 
nical and decorative information on home 
fixture lighting. Originally intended as a 
guide for writers and editors, the fact sheet 
is also being used for speakers’ outlines, as 
a home economist teaching aid, and for 
sales training purposes by utilities, raanu- 
facturers, and others. 50¢ each. For 
quantities of more than 10, the price is re- 
duced to 25¢ each. Copies can be ob- 
tained from the American Home Lighting 
Institute, 542 S. Dearborn Street, Chicago 5, 
Til. 
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Organ Builders Manual. This publication 
describes all phases of electronic organ build- 
ing, including console design, tone generators, 
manuals, pedals, amplification, and acces- 
sories. Also included is a parts-price catalog 
on the Artisan line for amateur organ 
builders. $1. Copies can be obtained from 
Electronic Organ Arts, 4878 Eagle Rock 
Boulevard, Los Angeles 41, Calif. 


ARI Standard for Room Air Conditioners. 
The new Standard, which is designated as 
Air-Conditioning and Refrigeration Institute 
(ARI) Standard 110-55, was prepared by 
the Institute’s Room Air-Conditioner En- 
gineering Committee. The section on Rat- 
ing Requirements, which ties in manu- 
facturing tolerances with published capacity 
and other ratings, is the key provision in the 
16-point program for advertising and selling 
room air conditioners developed recently 
by ARI and the National Better Business 
Bureau. Also included in the Standard 
for the first time are the minimum power 
factor values recommended by ARI and the 
electric utility industry. 35¢. Those de- 
siring copies should write to ARI, 1346 
Connecticut Avenue, N. W., Washington 6, 
D. C. 


Automatic Record Changer Service. This 
sixth of the Changer Manual series covers 
20 different basic changers and recorders. 
The Photofact technique is applied through- 
out the manual. From a laboratory exam- 
ination of the equipment, complete data is 
presented on operation, adjustment, trouble- 
shooting, and service for each unit. The 
exclusive “‘exploded-view” diagrams along 
with photographs, parts list, and complete 
write-ups make each service problem easy to 
diagnose and remedy. Wherever they apply, 
Photofact Standard Notation Schematics 
are also included. A cumulative index of 
this manual and the five preceding manuals 
in the series enables the technician to quickly 
locate the data on any specific unit. An 
additional feature is the list of receivers by 
the manufacturer’s make and model showing 
which basic mechanism was used in a partic- 
ular set. This cross-reference listing provides 
for the maximum use of the manuals in 
determining the particular unit used and in 
obtaining necessary replacement parts. 288 
pages, $3. Available from Howard W. 
Sams and Company, Inc., 2201 East 46th 
Street, Indianapolis 5, Ind. 


Atomic Energy Guidebook. A compre- 
hensive and authoritative sourcebook cover- 
ing every phase (civilian use) of the atomic 
energy field. It is a nontechnical reference 
source for those already in atomic energy. 
and contains a wealth of information for those 
who want to enter the field. It contains 
answers for those who want to explore the 
possibilities of atomic energy, or who want to 
find out how nuclear energy and devices 
can speed production, improve quality, cut 
costs, and increase profits. The book is in 
three sections, and runs the gamut of atomic 
energy from the mining of uranium to its end 
uses. The guidebook contains 30 separate 
articles and the directory—$7.50 per copy. 
Order from Callahan and Hollowell, 1420 
New York Avenue, N. W., Washington 5, 
D. C. 
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HERE ARE OTHER MEMBERS 
OF SQUARE D’s RELAY TEAM 


600 Volts) Heavy-duty construction 
for severe machine tool service 


600 Volts) Designed for general- 
g involving normal operations 


© TYPE P (Rated 10 Amperes, 600 Volts) Totally-enclosed 
contacts make this type especially suitable for opeté- 
tions in dusty oF linty locations 

devices for controlling 
light loads 
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SYNCHROS 


from FORD INSTRUMENT 

for 
extreme accuracy 
in transmitting 


signals 





STANDARD TELESYN SYNCHROS 
are available from Ford 
Instrument in 


Size 1 Size 3 
Size 5 Size 23 


for EARLY DELIVERY 


A pioneer in the field of syn- 

chronous transmission, Ford 

Instrument produces synchros 

of proven precision accuracy. 

® Available to meet Mil specs 

e In sizes to meet a multitude of 
requirements 

© For torque transmission and volt- 
age indication 


FREE a fully illustrated 
technical data bulletin 
gives characteristics and 
specifications. Please 
address EE 


3 
FORD INSTRUMENT ‘ 
COMPANY 


Division of Sperry Rand Corporation 
31-10 Thomson Ave. 
Long Island City 1, N. Y. 


Ford Instrument’s standard components 
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INDUSTRIAL NOTES... 


AGE Generating Unit. American Gas 
and Electric (AGE) Company is planning 
construction of another 225,000-kw steam- 
electric generating unit at their Muskingum 
River Plant in Beverly, Ohio. The project 
will cost an estimated $28 million and will 
be completed about June 1957. The new 
unit, capable of supplying electric service 
to 650,000 average homes, will make the 
Muskingum River station one of the two 
largest power plants in Ohio, second only to 
the Kyger Creek Plant of Ohio Valley 
Electric Corporation. 


Westinghouse Awarded Generator Con- 
tract. Westinghouse Electric Corporation 
has been awarded a $2 million contract for 
a 113,000-kw turbine generator for Pennsyl- 
vania Power Company. The delivery 
date for the generating unit has been 
scheduled for August 1957 and will be 
installed as unit Number 4 in Pennsylvania 
Power Company’s New Castle power plant. 
The planned increase in generating ca- 
pacity is necessary because of the growing 
demand for electric energy in Pennsylvania 
Power Company’s service area. 


Weather Detection Systemto Be Installed. 
Installation of weather detection radar 
equipment developed by the Radio Cor- 
poration of America (RCA) will be made 
on the new DC-7C’s of the British Overseas 
Airways Corporation (BOAC). The 
weather detection radar system provides 
pilots with early warning of approaching 
storm centers as far distant as 150 miles, 
and enables them to detect and follow non- 
turbulent air paths through or around the 
storms. The equipment purchased by 
BOAC is to be installed aboard 10 DC-7C 
aircraft during 1956. Several American 
commercial airlines have installed similar 
equipment on transcontinental and over- 
seas fleets. The RCA system operates at 
C band frequency—5,400 megacycles per 
second. 


General Electric News. General Electric 
vice-president, Dr. W. R. G. Baker, pre- 
dicted that, despite automation, employ- 
ment in the United States will continue to 
grow by one and a quarter million jobs 
annually for the next 15 years. Dr. Baker 
said that nearly a thousand plants will 
spend from a quarter to a half million 
dollars each in 1955 on facilities of a super- 
mechanical nature, controlled by electronic 
processes. The General Electric official 
noted that automation’s stimulation has 
come from the military services. However, 
results obtained in automatic production 
for the military have created an eager 
market for commercially applicable equip- 
ment. 

A $500,000 expansion of the testing 
facilities of the company’s Switchgear and 
Control Division’s laboratories has been 


completed. ‘The new testing facilities are 
expected to produce short-circuit currents 
as high as 100,000 amperes at 700 volts, 
and 40,000 amperes at 1,400 volts. 

A 2,500 kw. geared-turbine-generator to 
be used in the prototype of the United 
States Army’s first “‘packaged”’ atomic re- 
actor being built by Alco Products, Inc. 
will be supplied by the General Electric 
Company. The “‘packaged” atomic power 
plant will be capable of producing enough 
power to supply the average requirements 
of a city of 5,000 people. The geared- 
turbine generator, weighing approxi- 
mately 20 tons, will be built at the 
company’s small turbine and supercharger 
department. The atomic reactor will be 
built by Alco at its plant in Schenectady, 
N. Y. When completed in 1957, the 
“packaged” atomic power plant will be 
located at the United States Army En- 
gineers Research and Development Labora- 
tories at Fort Belvoir, Va., and will be used 
to train personnel. The power generated 
will be consumed in normal post operations. 

A General Electric Company plant cost- 
ing over $5 million will be built at Lynch- 
burg, Va., as the new home for the com- 
pany’s rectifier department, now located at 
Lynn, Mass., and at Limerick, Maine. 
The plant will eventually employ about 
800 persons, more than 600 of whom will 
be hired from the local area. 


Columbia University Acquistion. The 
School of Engineering, Columbia Univer- 
sity, New York, N. Y., acquired the huge 
steel radio tower on the west bank of the 
Hudson, 14 miles from New York City at 
Alpine, N. J., it was announced The 
familiar landmark opposite Yonkers, N. Y., 
together with its permanent brick labora- 
tory building, was acquired from the estate 
of the late Major Edwin H. Armstrong, 
inventor of fm radio and long a professor of 
electrical engineering at Columbia Univer- 
sity. ‘To be known as the Edwin H. Arm- 
strong Field Laboratory, the facilities will 
be used by the department of Electrical 
Engineering for research in radiation and 
propagation of various types of radio waves, 
particularly with respect to their behavior 
in the atmosphere, ionosphere and upper 
atmosphere. In addition to the Alpine 
site, Columbia University also has acquired 
from the Armstrong estate 57 acres of 
land in the towns of Catskill and Hunter, 
New York. This area includes one of 
the taller peaks of the Catskill Mountains. 
These two new sites plus Columbia’s en- 
gineering camp near Litchfield, Conn., 
will form a triangular range for extensive 
field studies in radar and radio. 


Reactor Facility. Nuclear Development 
Corporation of America, (NDA) White 
Plains, N. Y., will build a reactor “‘critical”’ 
facility at its Nuclear Experimental Station 
in Dutchess County, N. Y. The facility is 
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intended for use in the reactor engineering 
program carried out for governmental and 
industrial clients by NDA. The corpora- 
tion is applying to the Atomic Energy 
Commission (AEC) for a license to carry 
out nuclear experiments at the facility. It 
is also maintaining close liaison with the 
Reactor Safeguard Committee of the AEC 
in developing plans for the facility. 


Ebasco Forms Atomic Energy Division. 
Ebasco Services Incorporated plans the 
addition of a Nuclear Engineering Division 
to its engineering department. The com- 
pany will render services on atomic energy 
applications to utility companies, industrial 
concerns, business enterprises, and finanical 
institutions. Leonard F. C. Reichle, who 
has transferred to Ebasco from the post of 
assistant director of the Reactor Develop- 
ment Division of the United States Atomic 
Energy Commission, has been appointed 
nuclear engineering director. Walter F. 
Friend who has been engaged in the nuclear 
activites of the company, will continue as 
nuclear engineer. Within the Ebasco 
organization, atomic energy will be in the 
consulting engineering department along 
with the Electrical, Mechanical, Civil, Gas, 
and General Divisions under Howard L. 
Melvin, chief consulting engineer. 


Bogue Supplies Static Rectifier at 
Paducah. Bogue Electric Manufacturing 
Company, has announced that two giant 
480-kw static rectifier supplies have been 
built by Bogue for Union Carbide Nuclear 
Corporation, Division of Union Carbide 
and Carbon Corporation for use at the 
Atomic Energy Commission installation 
at Paducah, Ky. Used to supply con- 
trolled direct-current power, the new static 
rectifier supplies are providing the necessary 
energy for depolarizing large electrolytic 
cells employed in the production of fluorine. 


Synthetic Mica Plant Opens. A new 
plant designed solely for the production of 
synthetic mica has been opened. The 
company, known as the Synthetic Mica 
Corporation, is a wholly owned subsidiary 
of the Mycalex Corporation of America, 
Clifton, N. J., manufacturers of glass- 
bonded mica and ceramoplastic products. 
This strategic material, under the trade- 
name Synthamica, has been under produc- 
tion for several months. 


Presque Isle Station Goes Into Service. 
The new $4 million Presque Isle Station 
which has been placed in operation for the 
Upper Peninsula Generating Company, a 
nonprofit operating company formed by 
two concerns in need of power and now able 
to obtain it on a less costly basis by com- 
bining their generating efforts, will produce 
22,000 kw for the expanding industrial 
needs of Michigan’s upper peninsula. 
Stone and Webster Engineering Corpora- 
tion was retained separately in 1952, by 
Upper Peninsula Power Company, an 
independent utility, and The Cliffs Power 
and Light Company, a subsidiary of The 
Cleveland-Cliffs - Iron Company. Both 
company’s initiated construction programs 
to be undertaken by Stone and Webster 
and realized the advantages of intercon- 
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necting their systems and jointly construct- 
ing a larger, single power plant which 
would be less costly to build and operate. 


New Teletypewriter Relay System Com- 
pleted. A new semiautomatic Teletype- 
writer relay system has been placed in serv- 
ice for Consolidated Freightways by the 
Bell Telephone System. Heart of the 
system, which stretches through 12 states, is 
a relay center located in Portland, Ore. 
The Portland center serves as an electronic 
brain which controls the sending and 
receiving of Teletypewriter messages from 
65 locations of the motor transport carrier. 
The new system was developed by the long 
lines department of American Telephone 
and Telegraph Company and by Pacific 
Telephone and Telegraph Company to 
expedite messages dealing with dispatch 
of Consolidated’s vehicles. Consolidated 
moved 2,168,364 individual shipments, 
weighing 1,005,364 toms, over a total of 
59,969,850 intercity miles last year. To 
facilitate movement of such tonnage, the 
firm has located message and dispatch 
centers in 12 states. 


Marquardt Power Unit Installed. The 
Chance Vought XF8U-7 Day Fighter,a new 
Navy jet fighter aircraft, is equipped with a 
Marquardt ram-air emergency power 
package designed to bring the airplane 
home if all other power supplies should fail. 
The emergency power unit was developed 
and produced by Marquardt Aircraft 
Company, in close co-operation with 
Chance Vought. It supplies both electric 
and hydraulic power, sufficient to main- 
tain flight control and communication 
through all speeds from supersonic down 
to safelanding. This power package was 
developed to operate as a “‘drop-out” type 
in which a trigger pushes the machine out 
into the air stream, and the air turbine 
starts rotating immediately to drive the 
hydraulic pump and electric generator. 


Dalic Appoints Marlane as Distributor. 
Dalic Metachemical Ltd. of Toronto, 
Ont., Canada, has appointed the Marlane 
Development Company of 153 East 26th 
Street, New York, N. Y., as a distributor 
for The Dalic Process of selective localized 
electroplating. Marlane, a consulting firm 
specializing in the development of modern 
processes for plating and engineering in- 
dustries, will be responsible for all inquires 
and technical servicing of The Dalic 
Process. 


Manufacturing Technique Enables Min- 
imized Background Noise. A new proc- 
ess for commercial production of records 
has been announced by Custom Records, 
Inc., 41 East 42d Street, New York, N. Y. 
This process enables the mass production 
on a commercial scale of records with play- 
back quality that closely resembles the hi- 
fi performance of the original master record. 


School of Nuclear Science and Engineer- 
ing Graduation. The first session of the 
School of Nuclear Science and Engineering 
at Argonne National Laboratory has ended 
and the 39 scientists and engineers have 
been graduated. The school which was 
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MOTORS 


from FORD INSTRUMENT for 
EXTREMELY LOW INERTIA AND 
HIGH FREQUENCY RESPONSE 








@ STANDARD SERVO MOTORS 
in nominal ratings of 
10w, 5w, 2'/2w, 
Tw and '/2w 
@ SPECIALS to 
customer requirements. 
Ford Instrument’s high precision 
servos are available in high and low 
voltage models, in 60cy and 400cy 
designs, for a multitude of ap- 
plications. With Ford’s smooth iron, 
low-inertia rotors, they offer these 
advantages: 
© Linear torque-voltage characteristics 
® Linear torque-speed characteristics 
® Withstand continuous stalling 


High torque efficiency 


FREE—Fully illustrated 
data bulletin gives 
specifications and per- 
formance information. 
Address Dept. EE. 


48 
FORD INSTRUMENT 
COMPANY 


Division of Sperry Rand Corpore?*> 7 
31-10 Thomson Ave. 
Long Island City 1, N. Y. 


Ford Instrument’s standard components 
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How Rome Synthinol’ Control 
Cables serve Philadelphia Electric 
at its New Cromby Station 


Philadelphia Electric Company, privately owned 
and an important producer of electrical power, 
has recently completed its eighth large generat- 
ing station—Cromby. 
The Cromby Station will increase the capacity 
of Philadelphia Electric’s system by 17% to keep The development of cables, having multiple 
pace with booming industrial and residential de- conductors under a common nonmetallic 
velopment of the Delaware Valley. sheath, in which Rome has played an im- 
Cromby is a two-unit station. Already in op- Sur senile hur waste Saneeneae — 
. in station control planning. Not only do they 
eration is a 150 megawatt steam generator and an save installation time and costs but provide 
additional 200 megawatt unit will be operating good mechanical protection, as well. 
by mid-1956. ay? 
Over 1,500,000 conductor feet of Rome Syn- 
thinol Control Cables were used at Cromby. 
There are two major applications . . . remote con- 
trol of high-voltage yard circuits and regulation 
of the soot blowers. Underground cables for yard 
control are insulated with Rome Synthinol, rated 
at 60°C. 
You, too, can specify Rome Synthinol Control 
Cables with confidence. 


The Cromby story is continued in the picture captions... 


The fundamental application of Rome’s 
product is in control of the 33,000, 66,000 
and 132,000 volt yards. There the Rome 
Synthinol (polyvinyl chloride) insulated and 
sheathed cable is buried directly in earth. 
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Every factor was weighed carefully 
before specifying polyvinyl chloride 
for underground work. Its qualifica- 
tions fitted two very important require- 
ments at Cromby ... high resistance to 
moisture and good dielectric strength. 
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See us at the 7th National Plant Maintenance and Engineering 
Show, Convention Hall, Philadelphia—January 23 to 26, 1956 


‘ 


ee mma Nae 


The Rome underground cable at Crom- 
by is expected to last a good many 
years. Its superior resistance to soil con- 
ditions assures long, trouble-free serv- 
ice life. 


It Costs Less 
to Buy the Best 





Installation experience under a wide 
variety of service conditions has proved 
polyvinyl chloride insulation and sheath 
to be extremely dependable—more eco- 
nomical than some other constructions. 


ROME CABLE 


Coporaton 


NEW YORA 
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MODEL S-12-B 


USES ONLY 7” 
OF STANDARD 
RELAY RACK 


ANOTHER EXAMPLE of WEicman PIONEERING... 


The S-12-B RAKSCOPE is a rack mounted, JANized (Gov’t Model No. 
OS-11) version of the famous WATERMAN S-11-A POCKETSCOPE, with 
the addition of a triggered sweep and a special calibrating circuit for rapid 
frequency comparisons. The entire oscilloscope is built to occupy but seven 
inches when mounted in a standard relay rack. The vertical and horizontal 
amplifiers are identical, having sensitivities of 0.05 Volt rms/inch and fre- 
quency responses which are flat within —2 db from DC to 200 KC. These 
features permit observation of low frequency phenomena without undesirable 
trace bounce. The sweep rate is continuously variable from 5 cycles to 50 KC 
in either the triggered or repetitive mode with synchronization polarity 
optional. The return trace is blanked. Because provisions are made for apply- 
ing input signals from the rear, as well as the front, the S-12-B is the ideal 
combination, systems monitor and trouble-shooting oscilloscope. Investigate 
the multiple applications of this instrument as an integral part of your “‘rack 
mounted’’ projects. 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. 

CABLE ADDRESS: POKETSCOPE WATERMAN PRODUCTS INCLUDE 
$-4-C SAR PULSESCOPE® 
$-5-A LAB PULSESCOPE 
$-6-A BROADBAND PULSESCOPE 
$-11-A INDUSTRIAL POCKETSCOPE® 
$-12-B JANized RAKSCOPE® 
$-14-A HIGH GAIN POCKETSCOPE 
$-14-B WIDE BAND POCKETSCOPE 
$-15-A TWIN TUBE POCKETSCOPE 
RAYONIC® Cathode Ray Tubes 
and Other Associated Equipmen’ 





Industrial Notes 
(Continued from page 15A) 


started in March 1955 is one of the major 
projects undertaken by the United States 
Atomic Energy Commission in co-operation 
with the State Department and the Inter- 
national Co-operation Agency in support of 
President Eisenhower’s Atoms-for-Peace 
program. In the first session, which began 
on March 14 there were 30 scientists and 
engineers from 19 nations representing a 
cross section of applicants from Europe, 
Central and South America, and the Near, 
Middle, and Far East. The seven-month 
session included unclassified courses in de- 
sign, construction, and operation of reactors 
for nuclear research; principles of design 
of nuclear power reactors; chemistry and 
metallurgy of reactor materials; handling 
of irradiated materials; and other related 
peacetime applications of nuclear energy. 
Enrollment for the second session of the 
school, to begin on November 7, is expected 
to reach 65. 


Film Offered. Why do ships still have 
collisions? The answer to this question 
holds wide implications for mariners and 
others concerned with safety at sea. 
Marine insurance records continue to show 
occasional mishaps between vessels despite 
one or both being equipped with modern 
radar systems. Detailed information has 
been collected and presented by Raytheon 
Manufacturing Company, Waltham, Mass. 
producer of marine radar equipment, in a 
20-minute motion picture film called, 
*‘Safe Passage.’’ ‘This movie is an import- 
ant graphic supplement to the education 
and experience of mariners. It should 
contribute to the general understanding of 
radar by all ship and yacht owners and 
operators. Prints of the film for free show- 
ings to interested groups will be distributed 
by Raytheon’s public relations department 
as a public service. 


NEW PRODUCTS ee 


High Output Solar Cell. National Fab- 
ricated Products, Inc., Chicago, IIl., is now 
producing a silicon solar battery with 
design based on research and development 
by Bell Telephone Laboratories. In- 
corporating a hermetically sealed, large 
area, silicon p-n junction, the solar cell 
converts light to electrical energy. A 
single S-7 cell under direct noon sunlight 
will develop 0.25 volts across a 10-ohm 
load and will produce electrical power at a 
rate up to 10 milliwatts. Maximum power 
output is flat at wavelengths from 7,000 
to 8,500 angstroms; at wavelengths be- 
tween 5,500 and 9,500 angstroms output 
is within 50 per cent of maximum. In 
addition to its high output the unit features 
compact size—only 1%/, inch diameter by 
3/16 inch thick. 


New Current-Limiting Reactors. A line 
of stronger, lighter, and more durable 
current-limiting reactors is available from 


(Continued on page 22A) 
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o SPRINGFIELD § 
° CANYON 





” 


___ TRINIDAD 


From a point on Colorado's Cheyenne 
Mountain, the microwave beam is relayed 
over mountains and prairies alike in its 
230-mile swing to gas fields in Kansas 
and Oklahoma. 





CIMARRON No 
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RCA Microwave’s Dependability 


has justified Colorado Interstate Gas Co.’s choice for pipeline communications system 


When Colorado Interstate engineers studied communica- 
tion facilities to connect home office with pipeline com- 
pressor stations and with gas-producing fields in Kansas 
and Oklahoma, they considered wire line, common car- 
rier and microwave. They chose RCA Microwave. 


According to W. I. Blount, Superintendent of Dispatch- 
ing and Communications, “RCA Microwave offered many 
advantages. It provided relatively easy maintenance, 
static-free operation and was economically equal to wire 
line or common carrier. And the more numerous the 
channels, the cheaper by comparison it became. 


“In addition, such a microwave system made it possible 


Microwave specialists will be glad to answer any 

questions and plan your installation. Mail coupon 

for further particulars on use of Microwave in 

utilities, pipelines, turnpike and other applications. 
e 


® 


NAME 


to integrate into our already established VHF radio 
system more stations and mobile units and thus increase 
the efficiency and scope of our radio system. It offered 
almost unlimited future possibilities, such as telemetering 
channels, facsimile, teletype, additional voice channels, 
remote control of unattended stations and a service chan- 
nel—all at a relatively small cost.” 


Only RCA MICROWAVE systems provide so many 
advanced engineering features. For example, single side- 
band suppressed-carrier frequency-division multiplex is 
used exclusively to meet high standards of dependability. 
Frequency is controlled from the terminal through the 
entire system. 


Radio Corporation of America 
Communications Equipment, Dept. Z-42, Building 15-1, Camden, N. J. 


[]Please send me latest literature on RCA Microwave 


TITLE 





RADIO CORPORATION 


COMPANY 








ADDRESS 





of AMERICA 


COMMUNICATIONS EQUIPMENT 


city 


ZONE 





CAMDEN, WN. J. 


Lj Have an RCA Representative get in touch with me. 
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co eign Tie: 
A COMPLETE LINE OF RHEQSTATS 


\ ‘ 













OHMITE MANUFACTURING COMPANY, 3614 Howard Street, Skokie, Illinois (Suburb of Chicago) 


“RHEOSTATS + RESISTORS © RELAYS * TAP SWITCHES 





Tele). 
el-Jal-r-hie 
dal-melg-ile 


... that’s where 
quality begins 


the 

seamless 

construction of 

Rockbestos A.V.C. 

means lower 

long-range cost through 

long, dependable service 
... then the impregnated asbestos is com- 


pressed to a dense, homogeneous wall 
that ensures long cable life. 


Heavy, felted asbestos walls are applied 
over and under the varnished cambric 
tapes ... then thoroughly impregnated 


N.E.C. Type AVA wires or cables may 
look alike on the surface. But the proof of 
their quality is under the braid. Look for the 
dense, uniformly-impregnated, seamless 
walls of Rockbestos A.V.C. Type AVA. 

The dense, felted, thoroughly-impreg- 
nated asbestos walls of Rockbestos A.V.C. 
seal the varnished cambric tapes away 


from air or moisture. This seamless construc- 


tion gives Rockbestos A.V.C. added strength 
against damage from flexing. Heat dissi- 
pation is uniform. Dielectric strength stays 
high under conditions of high ambient tem- 
perature or moisture. 

Complete construction and test specifica- 
tions of Rockbestos A.V.C. Type AVA are in 
the new booklet: “Specifications RSS-88”. 
Write for your copy. 





STOCKED COAST TO COAST 
Standard Rockbestos A.V.C. con- 
struction (N.E.C. types AVA, AVB, 
etc.) are available for immediate 
shipment. Call or write nearest 
branch office. 








ROCKBESTOS pr 


NEW HAVEN 4, CONNECTICUT 


NEW YORK ¢ CLEVELAND ¢ DETROIT * CHICAGO «+ PITTSBURGH « ST.LOUIS * LOS ANGELES « NEW ORLEANS © OAKLAND, CALIFORNIA ¢ SEATTLE 
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Now...ummediate delivery on New Products 
(Continued from page 18A) 


N E W T U 8 E L E S S Westinghouse Electric Corporation. 


Y Se These reactors are used to limit short-cir- 
7} vagnetic amplifie ? cuit current to safe values, and to reduce 
effect of resulting voltage disturbance. 
The new reactor has cable-support columns 


AC LINE VOLTAGE (rcs ees 2 
epoxy-resin tie rods to provide the high 


compressive and tensile strength required 
to withstand the thermal and mechanical 
rd ~ G U L AT oO = forces imposed during short circuits. The 

reactors are designed for indoor or outdoor 
service in single or 3-phase ratings from 5 
to 6,000 kva; 300 to 6,000 amperes; and 
1,201 to 34,500 volts. The units can with- 
stand up to 33!/; times normal full load 
current for 5 seconds. The wedge-shaped 
cleat used in the reactor column has a high- 
dielectric value, and its resiliency to thermal 
and mechanical shock practically eliminates 
the aging and maintenance problems. 
For further information, write Westing- 
house Electric Corporation, Post Office 
Box 2099, Pittsburgh, Pa. 


Panel Instruments. DeJur-Amsco Cor- 
poration has announced two new self- 
contained 1!/, inch precision panel jin- 


STABLVOLT. B BWA | wireueee Benen rl a 
MODEL MX 3000 


ATA A SS SLT RTS ER SARTRE PRET LT ME 


e No tubes —no filaments e Excellent wave form 

e Magnetic amplifier regulated e Fast response 

e Maintenance-free ¢ No dangerous overvoltages 

e Adjustable output voltage ¢ Quiet operation 

e Output held within +0.25% RMS e Wide input range 

e Frequency insensitive e No jumbled toroids — layer wound 





PERFORMANCE SPECIFICATIONS 


Input Voltage: 100-130V RMS*, 55-66 cps, single phase 
Output Voltage: 110-120V RMS, continuously adjustable DB lable i dh 
Output Current: 3KVA; 34 Amperes at 110 Volts el Oe ne ees ae See 
31.5 Amperes at 120 Volts ings. They are designed to meet the size 
Output Voltage Regulation: Within a band of +0.25V RMS for line and weight requirements in aircraft and 
voltage variations from 100 to 130 V*; electronic equipment, which are subject 
Line frequency variations from 55-66 cps, to shock vibration or temperature extremes. 
and load variations from 0.3 to 3KVA Watertight sealing is accomplished by an 
Load Power Factor Range: 0.6 to unit internal locknut between the meter mount- 


Response Time: Less than 0.5 seconds in o d : 
: ; : g flange and case barrel. Terminal 
Harmonic Distertion: 5% RMS maximum studs are sealed in a similar manner. Vari- 


Overload Protection: Automatic magnetic switch in AC line 1 
19” x 10%” x 13%” deep ous ranges, front or rear panel mounting, 


Size: : ; 

Weight: Approximately 130 pounds internal or external zero adjuster, and rear 
PS illumination are available in this series. 
* At 3KVA load. Wider input range at lower loads. For further information write to Electronic 
: . Sales Division, DeJur-Amsco Corporation, 
mceghectoe si _— am Sas a ' . 4501 Northern Boulevard, Long Island 
For complete technical data request Engineering Bulletin EB-205. City, N. Y., requesting technical data sheet 
VUT133. 

’ i . a oye 
Askania Valve Actuator. The Askania 
Regulator Company has developed a new 
self-contained electrohydraulic valve actu- 
ator, which controls the complex equip- 
ment. With electronic control systems, 





(Continued on page 26A) 
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Kaiser Aluminum “Triplex” Cable covered with BAKELITE Polyethylene is sold by Kaiser Aluminum & Chemical Sales, Inc., Chicago 11, Ill. 


This span tells you how to cut costs 


Here’s a striking demonstration of the 
light weight of Kaiser Aluminum “Tri- 
plex” service drop cable covered with 
BAKELITE Brand Polyethylene, the 
lightest commercial plastic. Spans like 
this mean fewer poles . . . faster, lower- 
cost installation. 

The manufacturer states that this 
new cable provides as much as a 25 
per cent saving over conventional open 


BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation (43 30 East 42nd Street, New York 17, N.Y. 
In Canada: Bakelite Company, Division of Union Carbide Canada Limited, Belleville, Ontario 
The term BakeuiTE and the Trefoil Symbol are registered trade-marks of UCC 


wire service. BAKELITE black Poly- 
ethylene compound has excellent re- 
sistance to weathering, moisture, sun- 
light, and aging. It won't rot or festoon, 
yet strips and pulls easily. Dielectric 
properties are outstanding. 

Learn more about the installation 
and maintenance economies found in 
“Triplex” Cable covered with BAKELITE 
Polyethylene. Write Dept. KQ-55. 


BRAND 


Polyethylene Plastic 
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Part of our coil winding facilities are 
shown in these 3 pictures. We wind 
our own coils. We take undivided 
responsibility for a transformer's per- 
formance. Send your inquiry and 
specifications to: 


ACME ELECTRIC CORP. 


CUBA, NEW YORK 
West Coast: 1375 W. Jefferson Bivd. 
Los Angeles, Cal. 
In Canada: 50 Northline Road, Toronto, Ont. 


Aemexit>Fleetric 
7 ORs 2 ee) OR: wR RS 


Specify Cannon FE Connectors! WHITE GLAZED 


ie vg + Stable Design ed Oo &F C ELAT ae 


aa) 


A few of 
the many 
shelldesigns 
available 


¢ Special Acme thread for rapid disconnect 

¢ Improved insulating materials 

¢ 10 to 200 amp. contacts 

¢ Thermocouple contacts Popular groups 

¢ Integral clamps of K units are 
You'll find— + Miniatures available near 

« Hermetic sealed units you from many 

e High temperature types Cannon distributors 

¢ Widest variety of circuitry 

« Complete line of fittings and accessories 

¢ Shielded single and twin co-axial contacts 


@ATRION PASS wwe UNIVERSAL > 





Please refer to Dept. 117 in requesting K-5 Bulletin | 


CANNON ELECTRIC COMPANY 3209 Humboldt St., Los Angeles 31, Calif. 
Factories in Los Angeles; East Haven; Toronto, Canada; London, England 
Representatives and distributors in all principal cities. 


STREET N 
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DOWN a humid 180 feet 


below water level at 
Downsville Dam ) 


UP in the corrosive air 


at a water cooling tower 
a 







Some 3600 feet of 2 Everdur Conduit (E.M.T.) protect electric lines in a service shaft 
plunging down to the release water chamber 180 feet below water level at Downsville 
Dam of the New York Metropolitan Water Supply System. Electric lines operate vital 
valves, indicating and communication equipment. 


EVERDUR Conduit will guard the 
electric power lines—for years 


Everdur* Never Rusts. It offers high resistance to other types of cor- 
rosion. That’s why Everdur Conduit—made from one of Anaconda’s 
exclusive copper-silicon alloys—is specified for dependable year- 
after-year protection of electric power lines in industry, on bridges, 
at power and water supply projects—wherever water and corrosive 
atmospheres are a problem—or where conduit must be buried or 
embedded in concrete. 





Everdur is Tough. In addition to corrosion resistance, Everdur has 
high physical strength, resists wear and abrasion. It stands up 
under movement and vibration, as on a bridge, in a subway, in 
a factory. 

Everdur is Nonmagnetic. Everdur Conduit creates no magnetic field 
to produce temperature rise in electric power cables. 

Everdur Electrical Conduit is available in two wall thicknesses 
—R.C. in nominal sizes from 14” to 4”, inclusive, and E.M.T. in 
nominal sizes *4” to 2”, inclusive. For more detailed information 
write: The American Brass Company, Buffalo Division, Buffalo 5, 
N. Y. In Canada: Anaconda American Brass Ltd., New Toronto, 


Ontario. tg 
*Reg. U.S. Pat. Off. 


EVERDUR ELECTRICAL CONDUIT 


ANACONDA 


During the War, General Petroleum Corp. saw galvanized 
conduit fail within a year at one of its plants—replaced it 
with Everdur Conduit. At its new Ferndale Mobilgas Refinery COPPER SI LICON ALLOYS 
in Washington, some 12,000 pounds of Everdur Conduit in 


various sizes guard electric power lines for motors and light- 
ing in this water cooling tower. 


CORROSION RESISTANT + STRONG «+ NONMAGNETIC + WORKABLE + WELDABLE 
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VERY HIGH FREQUENCIES 


radio 
WONAMARALES 
and 


field 


Stoddart RI-Fi* meters 
cover the frequency range 
14ke to 1000 mc 


VLE 
NM-10A, 14ke to 250ke 


Commercial Equivalent of AN/URM-6B. 
Very low frequencies. 


HF 

NM-20B, 150ke to 25me 

Commercial Equivalent of AN/PRM-1A. 
Self-contained batteries. A.C. supply 
optional. Includes standard broadcast 
band, radio range, WWYV, and com- 
munications frequencies. 

Has BFO. 


UHF 
NM-50A, 375mc to 1000mc 


Commercial Equivalent of AN/URM-17 
Frequency range includes Citizen's band 
and UHF color TV band. 


STODDART 
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New Products 
(Continued from page 22A) 
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measurements are converted to electric 
signals and fed into electronic amplifiers 
with proportional band, reset, and rate 
actions. The electric output signal of the 
electronic controller is then converted to a 
controlled air pressure which in turn op- 
erates a diaphragm-actuated control valve. 
Conversion to air for the operation of a final 
control element necessitates electropneu- 
matic relays, compressors, dehumidifiers, 
and the like. This new valve actuator 
applies the electric output directly to the 
final control element. The signal current 
is applied to a high resistance coil, 
3,000 ohms or more, which moves in a 
magnetic field. Linked to the coil is 
Askania’s jet pipe which converts electric 
signals, less than 50 milliwatts, into the 
powerful stroke of a control valve. The 
valve moves at a speed of more than 1 inch 
per second. Thrusts of 600 pounds and 
more can be handled, with presently avail- 
able strokes up to 2 inches. 


Power Supply Units. Municipal fire 
alarm systems use the selenium bridge 
rectifier, shown in the illustration, as a 
continuous source of d-c power for fire 
alarm boxes throughout a community. 
Durable components, good voltage regula- 
tion during overloads, and protection 
against short-circuit damage are incor- 
porated in the power supply. The unit 
has low internal impedance, choke- 
condenser hum filtering, and needs no 
warm-up. Power sources up to 500 volts 
d-c or 500 milliamperes for all types of 


(Continued on page 28A) 
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BEST BRUSH... zl BEST BRUSH LINE... 
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Your best bet, from individual application 
to your entire mine or mill requirement, is 
“National” brushes... best because they give 
you maximum machine efficiency at mini- 
mum brush cost. 


Alere's Why: 
PROVED GRADES 
Grades to suit every operating condition... 


widest selection in the industry. 


RESEARCH AND DEVELOPMENT PROGRAM 
Active, sustained program assures new 

brushes for new-design machines; continually 

improved brushes for existing machines. 


TIONAL BRUSHES 


TRADE-MARK 


TECHNICAL SERVICE 

Helps you get best electrical performance 
and reduce maintenance costs...streamlines 
brush-buying practice. 

Start saving brush dollars now in operation, 
ordering and handling...Specify “National” 
brushes and be confident of top performance 
throughout your mine or mill. 





The term “National’’, the Three Pyramids Device 
and the Silver Colored Cable Strand are registered trade-marks of 
Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd St., New York 17, New York 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, 
Los Angeles, New York, Pittsburgh, San Francisco 
IN CANADA: Union Carbide Canada Limited, Toronte 
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Here is a 


SATURABLE 
REACTOR . 


you should 
know about! 


: It is called the 
SELIN REACTOR 


—and has these advantages: 


LOAD CURRENT WITH 
MINIMUM HARMONIC 
DISTORTION 


LOW DC POWER 
REQUIREMENT 


FAST RESPONSE 


Do you have an application where a 
sinusoidal load current is desired? 


Do you need to reduce control 
power requirements? 


Woub.p it help if you could speed up 
response time? 


The Hevi Duty-Selin Reactor may be the answer to your Satu- 
rable Reactor problem. 


Write to the ‘‘Regulator Division’ for further information 
about this important development. (Pat. applied for) 


HEVI DUTY ELECTRIC COMPANY 
MEAT TREATING FURNACES HEMeSUTY ELECTRIC EXCLUSIVELY 
ORY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 
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signal or control systems are built in various 
mechanical arrangements to fit original 
equipment manufacturers’ requirements. 
Also applicable to the excitation of 
magnetic chucks, small motors, alternators, 
dynamometers. For further information 
write to Slaughter Company, 1700 Nicklin 
Avenue, Piqua, Ohio. 


Rib-Wound Power Wire-Wound Re- 
sistors. Spot-welded terminals and wind- 
ings are among the features found in the 
new rib-wound power wire-wound resistors 
manufactured by Reon Resistor Corpora- 
tion, New York, N. Y. The treatment of 
the terminals and windings adds durability 
and life to the component. A larger pro- 
portional increase in cooling area in com- 
parison to tubular resistors of equal size is 
achieved by the corrugated edgewise 
wound ribbon wire. High thermal con- 
ducting Reon vitreous enamels permit 
operation at higher temperature rise with- 
out deterioration or damage. Standard 


units are available in ratings up to 2,000 
watts and up to 200 ohms resistance, and 
are designed for high-power circuits re- 
quiring units of high current and wattage 
ratings at low resistance values. These are 
adaptable to starter duty as well as con- 
tinuous applications. 


Fixed-Tuned Oscillator Triode. The 
Radio Corporation of America (RCA) 
tube 6562 is a fixed-tuned, ultrahigh- 
frequency oscillator triode having pencil- 
type construction for transmitting service in 
radiosonde applications. The design of the 
RCA 6562 incorporates two integral 


(Continued on page 32A) 
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Smallest, lightest, most rigid... 


rated up to 565 volts DC and 
up to 6 amps...1 to 12 fins 


(Over 100 standardized combinations) 


The 1N91, 1N92, and 
IN93 germanium rec- 
tifiers used in these 
mew stacks assure at 
least 20% lower re- 
verse leakage current 
than RETMA standards, 


A DIVISION OF 





Federal§ new germanium rectifier stacks— 









Once in a while a new design is so good that it sets entirely new 
standards for an electronic component. The mew Federal germa- 
nium stacks are like that. Here are seven of their most important 


advantages over existing types... advantages that mean a better 
rectifier for your equipment: 


e@ SPACE-SAVING—The stacks average one-third shorter in 


length, 


@ LIGHTWEIGHT—Light, strong plastic side strips are used in- 


stead of heavy axial assembly bolts and insulators. 


@ RIGID CONSTRUCTION - Interlocking of fins and strips 


builds a “tight” structure unaffected by vibration. 


@ BETTER HEAT DISSIPATION—Full area of the fin is available 


for cooling. 


@ TERMINAL LUGS ELIMINATED—Terminals are stamped out 


as part of the fin corners, so that wires may be soldered di- 
rectly to the fin. 


@ NO PROTRUDING BUS BARS—Corners of fins are clipped 


out for passage of bus bars connecting non-adjacent plates. 


@ FULLY INTERCHANGEABLE-— Electrically and mechanically 


interchangeable with types now on the market. 


For detailed information, ask for “Federal Germanium Power 
Stacks’ booklet. Phone NUtley 2-3600 or write to Dept. F-215. 


Federal Telephone and Radio Company 
A Division of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 
COMPONENTS DIVISION + 100 KINGSLAND ROAD « CLIFTON, N. J. 


tn Canada: Standard Telephones and Cables Mfg. Co. (Canada) Ltd., Montreal, P. Q. 
Export Distributors: International Standard Electric Corp., 67 Broad St., New York 
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LOCKE DEPARTMENT * GENERAL ELECTRIC COMPANY » BALTIMORE, MARYLAND 
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Locke’s Insulator Catalog 
and Engineering Handbook 


Designed to become your favorite source for complete, 
authoritative purchasing and engineering information 
on insulators and insulator hardware. 


Included in its 233 pages of easy-to-use, alphabetically and nu- 
merically indexed material, you’ll find these important features: 


1, A completely new insulator product section, thumb indexed, 
makes it easy for you to quickly locate any one of over 800 
insulators or insulator hardware items. 


A a 





2. Complete description of physical characteristics of porcelain. 


3. Six pages of clamp recommendations for various conductors. 


{ 
q 


4, Large section on lightning performance of transmission lines. 


fey 


~, llega 


5. An expanded section on apparatus bushings with application 
and maintenance information. 


6, Complete listing of all EEI-NEMA Standards, including pro- 
posed standards for apparatus insulators. (TDJ-58, 59) 


7. The complete American Standards for apparatus bushings and 
test code. 


8. A large general data section including standard insulator 
tests, cable specifications and many valuable tables for general 
calculations. 


Your copy of this lightweight, spiral bound Insulator Catalog 
will be supplied by your local Locke Representative. 


Role 4 
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BIG IMPROVEMENT 


IN SMALL MOTOR BRUSHES 


ee tests indicate that Stackpole 
Grade 373 fractional horsepower motor brush- 
es represent a major development in their field. 
On vacuum cleaners, food mixers, sewing 
machines, calculators, and similar equipment, 
these new brushes have shown materially 
longer life, usually with better performance 
than any previous grades. Commutator 
wear is held to a minimum. 

As always in applying brushes to any 
given motorized equipment, however, the 
one best way is to test them fully on that 

actual equipment and as close to possible 
under its typical operating conditions. 
Stackpole welcomes the opportunity to 
make or to facilitate such a test for you. 
Solely on this basis of positive per- 
formance proof, it now becomes pretty 
clear that Grade 373 brushes will set new 
life and performance standards for 
small motors in a wide diversity of uses. 


STACKPOLE CARBON COMPANY, 
St. Mary’s, Pa. 





Grade 373 


FAR LONGER BRUSH LIFE = #4 


EQUAL (OR BETTER) PERFORMANCE THAN PREVIOUS GRADES 


New Products 
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resonators of the cavity type. One of the 
resonators is fixed tuned and is connected 
between grid and cathode. The other, 
which is connected between grid and plate, 
is tunable over a narrow range centering 
at 1,680 mc and is loop-coupled to an r-f 
coaxial output termina]. Features con- 
tributing to the usefulness of the RCA 
6562 in radiosonde service include high 
efficiency, small frequency drift, low battery 
drain, and small size. In addition, the 
RCA 6562 has its cathode externally con- 
nected to one of the heater leads to simplify 
circuit connections. The flexible heater 
leads can be soldered or welded into the 
associated circuit. 


Quick Connectors. [Illustrated is a 3C 
building block component for a digital 
computer and control system by Computer 
Control Company, Inc., Wellesley, Mass., 
which employs new terminals by Cam- 
bridge Thermionic Corporation (CTC). 
The CTC jack, designated X2200, comes 


in shank lengths for panels varying from 
1/3. to */i¢ inch. It is 0.210 inch high 
when mounted; the diameter is 5/3. inch. 
The plug, designated X2207, has a pin 
length of */;. inch, and a body length of 
5/s inch. It will accept up to number 20 
size wire which can be soldered and then 
crimped through the insulation to prevent 
fraying. The unusual jack design assures 
electric connection. ‘Through the use of a 
specially designed compression spring, the 
gripping power of the jack is maintained. 





(Continued on page 36A) 
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PROMPT DELIVERY... 
FULLY GUARANTEED 


Acomplete engineering department and a modern, 
fully-equipped plant give Uptegraff the facilities 
it takes to provide fast service on power trans- 
former production—even those of special design. 

Available in sizes up to 10,000 KVA, 115 KV, 
every Uptegraff transformer meets or exceeds 
ASA, NEMA and AIEE standards and is fully 
guaranteed by our company. 





These two advantages are yours when you order cooling fans, wheels, oversize bushings and many other 
Uptegraff transformers for your power needs. special accessories are optional. 
And when the unit is delivered and installed, you If you’re getting ready to replace or add to your trans- 
have one of the finest built pieces of electrical former installations, Uptegraff can serve you well and 


equipment in the country—rugged, leakproof, quickly. 
undercoated, and performance tested. 


You can order Uptegraff Power Transformers Si ona for Raa Booklitl 


with standard accessories; terminal arrangement, 






Use coupon below or your letterhead and get 
this comprehensive ENGINEERING MANUAL for 
executives, engineering and operating personnel. 


R. E. UPTEGRAFF MANUFACTURING CO. 











: Scottdale, Pa. : 

R. E. Uptegraff Manufacturing Co. ua | 
Scottdale, Pennsvivar Address 

City State j 
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Typical of the Extras, Beyond ASA Standards, 





that account for high reliability and high value 


Losing a few drops of oil probably wouldn't harm a bushing, electrically. 
But in time this oil would be replaced by an equivalent volume of air con- 
taining water vapor. Any moisture can cause deterioration of the paper- 
wound condenser insulating core. Therefore, totally leak-proof design is 
essential to the performance and life of a condenser-type bushing. 

Union between the mounting flange and the ground sleeve is one of the 
critical leakage points. In O-B’s new ASA Standard bushing, this joint is 
a deep, machine-finished, slip fit involving considerable surfaces of 
metal, and then continuously welded. For added safety, the density and 
continuity of this weld is tested for the slightest sign of leakage. For all 
practical purposes, the mounting flange and ground sleeve become a one- 








e¢ 


piece unit. N 
Attention to such details -- in no manner covered by national stand- 
ards -- is one of many extra touches of quality, and one of many extra 
reasons for performance, you will find in the O-B bushing. Specify O-B 
on your new station equipment and put all these extras to work for you. 


TECHNICAL 
COMPETENCE 
the heart of every | 
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AIEE SPECIAL PUBLICATIONS 


To meet a specialized need, or where it has become advantageous to collate a number of pa on a subject in one pam- 
phlet, a series of special publications has been established. Prices quoted are (M) for Al members, and (N) for non- 
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f TO 3b VOLTS 15 AMPS 


AC Input Switch 


ok 
ee 


DC POWER SUPPLY 


Site os 
: Switc 
DC Output Switch 
DC Fuse 





AC Fuse Pilot Light 


Now...for Your Laboratory... 


the most versatile TUBELESS, Regulated 
and Filtered Power Supply 


For PROMPT REPLY, 


wire the factory collect 
or phone our nearest sales office. 


New York City: HUnter 2-7784 
Philadelphia: NOrristown 5-2600 
Chicago: Diversey 8-6885 
Los Angeles: | SYcamore 8-5790 
St. Louis: DElmar 7701 
Kansas City, Mo.: Jefferson 7221 
Dallas: FOrrest 8-8306 
Denver: MAin 3-0343 
San Francisco: ULmar 1-7129 
Syracuse: 2-1167 
Pittsburgh: WAlnut 1-2959 
Minneapolis: Midway 2-7884 
Seattle: MOhawk 4895 
Albuquerque: 5-9632 
Boston: Mission 8-0756 
Atlanta: ELgin 3020 


Winston Salem, N.C.: 
Ontario, Canada: 
Axminister 3-5771 


4-0750 


345 KANSAS ST. 





@ REMOTE SENSING © VERNIER VOLTAGE CONTROL 
© NO TUBES, MOVING PARTS OR VIBRATING CONTACTS 


Specifications . . . . 
REGULATION: 5-32V Range: + %% for combined line 
changes of 105-125VAC and load changes of 0-15A. DC. 


2-5V Range: + 2% for combined line changes of 
105-125VAC and load changes of 0-15A. DC. 


32-36V Range: + 2% for combined line changes of 
110-125VAC and load changes of 0-15 A. DC. 


RIPPLE: 1% rms max. @ 36 volts and full load. increases to 
2% @ 2 volts and full load. 


AC INPUT: 105 to 125 volts, 1 phase, 60 cps. (8 amps, Input) 
RESPONSE TIME: 0.1 to 0.2 seconds maximum. 


DIMENSIONS: 1942” wide x 15%" deep x 134%” high with 
cabinet. (19 wide x 14%,” x 124%" high rack panel 
construction) 


FINISH: Gray Hommertone WEIGHT: Approx. 135 Ibs. 


Write for Bulletin MR 532-15A 


PERKIN ENGINEERING CORP. 


© EL SEGUNDO, CALIF. * PHONE: OREGON 8-7215 
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New Products 
(Continued from page 32A) 


A New Formica Laminate. A new cold 
punching laminate, XX XP-36, that brings 
translucency, greater accuracy, and super- 
insulation to printed circuitry has been an- 
nounced by The Formica Company. 
Translucency of the new _ paper-base 


phenolic-impregnated sheets allows a visual 





check on the accuracy of printed-circuit 
register, as shown in the illustration. It 
provides 1 million megohms insulation 
resistance. Since the laminate punches 
cold in thicknesses up to an including !/1¢ 
inch, no heat cycle is required. Thus, the 
base laminate is not subject to dimensional 
change. Formica XXXP-36 offers other 
useful properties which include high-di- 
electric strength, greater heat resistance, 
and superior bonding strength. It may 
be used for many applications other than 
printed circuitry. For a free printed- 
circuit sample write to The Formica Com- 
pany, Cincinnati, Ohio. 


Operational Amplifier. A new opera- 
tional amplifier, Model K2-X, has been 
added to the Philbrick line of electronic 
analogue components, manufactured by 
George A. Philbrick Researches, Inc., 
Boston, Mass. Using a plug-in type high- 
gain amplifier as a base subassembly, feed- 
back computing devices of all speeds may be 
assembled with simple wiring. Featured 
in this unit are balanced differential inputs 
for minimum drift and maximum utility, 
high performance, and economy of opera- 
tion. Feedback operationsinclude: addi- 
tion, subtraction, integration, differentia- 
tion, proportioning, inversion, impedance 
conversion, and injection of current. The 
Model K2-X is a more powerful version 
of the Philbrick Model K2-W, offering 
higher performance with comparable sta- 
bility. The two models are physically 
interchangeable and may coexist in in- 
strument assemblies. For specifications 
write for Bulletin K2-X. Address inquiries 
to George A. Philbrick Researches, Inc., 
230 Congress Street, Boston, Mass. 


Wire Connection without Soldering. 
Quick connection of wiring without solder- 
ing is offered in the new 2,700 series of 


(Continued on page 40A) 
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@ HIGHER VOLTAGES 


Over the High Voltage Horizon are the 
new operating characteristics of to- 
morrow’s switch. Many factors associated 
with 400 Kv., or 500 Kv., such as insulation, 
break distance, corona shielding, R. |. V., 
I all weather operation, and general re- 
r finement are constantly being investigated. 


@ HIGHER INTERRUPTING 
CAPACITIES 


An increasing variety of air switch attach- 
ments are continually being perfected to 
increase the usefulness of air switches. 
The “Arc Restrictor” shown is one of 
several types for interrupting line charg- 
ing current. Others for interrupting full- 
load current, isolating capacitor banks 
or for switching parallel loads, are 
available. 


@ HIGHER CURRENTS and 
MOMENTARIES 


Increased short circuits and higher fault 
currents are more important than ever 
before. The new straight-line current 
path design of Hi-Pressure Contact Jaws 
and Sealed Pressure Hinge Contacts is 
the answer to these problems. 








‘ 











R&IE Research and Development constantly evaluates the 
many possible design problem solutions to improve switch- 
ing performance on the nation’s expanding power lines. 
The new and larger R&IE laboratory facilities will give you 
a better guarantee of good performance and improved 
quality switching equipment. 


R&IE EQUIPMENT DIVISION 


I-T-E Circuit Breaker Co. 
GREENSBURG, PENNA, 








\ 


Francis Irish, System Operations Superintendent, Arizona 
Public Service Company, checks linear-coupler installa- 
tion which provides protection for 12.5 and 69-kv bus 
structure, 


Accurate, Dependable—Linear-coupler system has no 

iron-core transformer, saturation is eliminated. Air-core 
: transformer assures you quick, accurate internal fault 
i : indication, 
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Saturation-Free Linear-Coupler System... 


Air-Core Transformer 
Improves Bus Protection 


System expansion, plus interconnection of 
systems, makes it imperative that reliable, 
high-speed bus fault protection be provided 
against lightning, interference and break- 
down of insulation. For this purpose, a 
Westinghouse linear-coupler system offers 
two big advantages. 


Simplicity 


There is no saturation because there is no 
iron. The air-core transformer does not 
saturate, gives consistently true internal 
fault indication, assures dependable opera- 
tion of relay and tripping of circuit breaker. 

Linear couplers may be open circuited 
with complete safety without endangering 
personnel. Operating voltage of coupler is 
well within insulation limits of connected 
apparatus. Result: The most reliable 
scheme for protecting vital bus systems — 


using simple, compact, low-cost equipment. 
Flexibility 


Design flexibility permits couplers to be 
applied in circuit-breaker bushing pockets, 
in metal-clad switchgear or on existing 
outdoor bus work. 

Maximum flexibility for system expansion 
is also assured. As a system grows and more 
bus sections are added, additional linear 
couplers require only a change in relay 
setting achieved simply by changing the 
impedance tap. Coupler designs for switch- 
gear of 15 kv through 230 kv are available. 

Be sure to investigate linear-coupler 
systems for your operation. Call your 
Westinghouse sales engineer or write 
Westinghouse Electric Corporation, 3 
Gateway Center, P.O. Box 868, Pittsburgh 
30, Pennsylvania. J-40488 


you can BE SURE...iF ITS 


Westinghouse 


System Simplified—Only one relay per phase is needed 
with this series connection. Expansion of system requir- 
ing additional couplers involves easy calculation for 
telay setting. Sum of voltages on coupler secondaries 


indicates relay setting. 


screw (arrow). 
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Adjusts To System Growth—As system grows, addi- 
tional linear couplers are installed without extensive re- 
calibration or complicated resetting of relay—simple 
adjustment is made by changing impedance tap selector 
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NON-LINEAR SYSTEMS new digital voltmeter--Model 450. 
Designed especially for analog computers. 
Uses oil-immersed stepping switches, 
life-tested for 20,000,000 readings. 
Measures from +00.01 to +99.99 volts d-c. 


Presents in-line, luminous display. 








anton 9 ‘ . 


ON LINEAR SYSTEMS. iC 
wu ae men 


write for bulletin 240 
NON-LINEAR SYSTEMS, INC. 
Del Mar Airport 


Del Mar, California 














MOBILE COMMUNICATION CENTERS 


Radio Engineering Products has been continually in production of 
mobile communication centers for various NATO headquarters and for 
the U.S. Signal Corps Engineering Laboratories, over a period of 
several years. The centers produced have included type AN/MSC-1, 
type AN/MSC-5, and type AN/MSC-12, which have been or are 
being manufactured in full accordance with U.S. Signal Corps specifica- 
tions. There have also been produced systems engineered by us to the 
specific requirements of a headquarters. 

These systems have employed in some instances trailers and tractors 
of modified commercial types supplied by us, in some instances standard 
military-type vehicles supplied by us, and in some instances the using 
agency has supplied standard military-type tractors, trailers and trucks. 

These centers have provided in mobile form, some or all of the follow- 
ing functions, in some cases in very complex and extensive form: 

®@ Operations rooms for signal officers and commanders. 
Teletype conference viewer facilities. 
Teletype switchboards up to 120 lines. 
Telephone switchboards up to 600 lines. 
Testing of military and civil wire facilities. 
V-H-F and U-H-F broadband radio-relay terminals and repeaters. 
Multi-channel carrier-telephone and carrier-telegraph systems for 
superposing on wire and radio facilities. 
@ H-F frequency-shift radio transmitting facilities, and matching dual-diversity 
receiving positions. 
@ Teletype message-center, tape-relay, and cryptographic facilities. 
@ Mobile diesel power plants. 
Radio Engineering Products has a broad and extensive knowledge of 
this subject, unparalleled plant facilities, and a team of engineers, 
production executives, and craftsmen which place us in a unique 
position in this field. We will gladly supply estimates on mobile com- 
centers to specific requirements on request. 


RADIO ENGINEERING PRODUCTS 


1080 UNIVERSITY STREET, MONTREAL 3, CANADA 
Telephone: UNiversity 6-6887 Cable Address: Radenpro, Montreal 


MANUFACTURERS OF CARRIER-TELEGRAPH, CARRIER-TELEPHONE AND BROAD-BAND RADIO SYSTEMS 
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tapered terminal and receptacle lugs, by 
United States Engineering Company, Inc. 
521 Commercial Street, Glendale, Calif. 
These Jugs come in six standard sizes which 
range from 0.328 above board with a 0.113 
diameter, to 0.421 above board with a 
0.118 diameter. Single-end or double end 
terminals, and feed-through types are 
available. They fit standard terminal 
board thicknesses from 4/2, inch through 
3/16 inch. Designed for use in conjunction 
with Amphenol or similar pins, the tapered 
lugs are made of half-hard brass; either 
nonplated or silver plated. 


Power Supplies. NJE Corporation, 345 
Carnegie Avenue, Kenilworth, N. J., has 
announced the availability of its ELG line 
of semiregulated power supplies. These 
units employ germanium power rectifiers 
in conjunction with automatic _line- 
regulating transformers and_ extremely 
“‘stiff” transformers and filters. Although 
no vacuum tubes, magnetic amplifiers, or 
saturable reactors are used, regulation 
comparable to such circuits is often obtain- 
able. No electron tubes are used and 
minimum maintenance is required. In 
most models, efficiency is about 94 per cent. 
Average temperature rise is 5 C. No 
component is rated at less than 30,000 
hours of continuous duty. A typical unit 
delivers 100 volts at 2 amperes, against 
line and load changes regulated to within 
1 per cent, and has less than 0.1 per cent 
rms ripple. Most units can be eco- 
nomically designed for zero-lag transient 
response, so as to exhibit no transient devia- 
tion outside the regulated zone. 


Pin-Type Weatherproof Socket. Rodale 
Manufacturing Company, Inc., Emmaus, 
Pa., has redesigned its medium base pin- 
type sockets. Incorporated in the new 
design is a built-in wing-type finger wrench 
on the cap section of the socket to provide 
faster, tighter connections. Pressure ap- 
plied to the wrench forces the interior 
contact pins to puncture the insulating wire 
and make a positive contact. In addition 
to this improvement, the cap has a threaded 
brass bushing to receive the screw from the 
body of the socket. This feature results in 
a sturdier piece and provides longer service 


(Continued on page 42A) 
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U. S. Army’s 544-foot railroad 
span over Cape Cod Canal 
raised 130 feet with ANHYDREX 


The 2200-ton span, located near Buz- 
_zards Bay in Massachusetts, carries the 
only railroad track between Cape Cod 
and the mainland. 

Army and Air Force installations on 
the Cape depend upon this track for sup- 
plies. Therefore, both normal and emer- 
gency electrical circuits on the bridge 
must be as near perfect as possible. 

The railroad company that maintains 
the bridge specified Anhydrex-insulated 
cables with neoprene jackets. Army engi- 
neers, who own and operate the bridge, 
approved this choice. 

ANHYDRExX Cables withstand effects 
of moisture, corrosion from salt air, sun- 
light and swaying in high winds. 

Want the same service from power and 
control cables as the Army engineers? 
Ask your nearest Simplex representative 
about ANHYDREX Cables, or write to 
the address below. 





Cape side of canal with bridge span down. Seven of nine 
cables visible are Simplex-ANHYDREX. Light-colored 
square beneath catwalk is 1100-ton concrete counterweight 
that rides inside the framework of each tower. 





<e 


Closeup of ANHYDREX Cables. Mainland on left. Span is 
raised and lowered by two 150-horsepower electric 
motors that turn 16-foot sheave wheels atop the bridge's 
two towers. 


SIMPLEX WIRE & CABLE CO., 79 Sidney St., Cambridge 39, Massachusetts 
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You can depend on 


TYPE RH MINIATURE 
POWER RESISTORS 


For all applications where the equipment must survive the most 
severe environmental, shock, vibration, humidity and temperature 
conditions. 
Completely welded from terminal to terminal. Silicone sealed in a 
die-cast black radiator finned housing and mounts on sub-panel 
for maximum heat dissipation. Impervious to moisture, salt ions, 
vapor and gases. 

Three wattage ranges: RH-25, 25 watts; 

RH-50, 50 watts; RH-250, 250 watts. 


e Temperature coefficient 0.00002/Deg. C 

e Ranges from 0.1 ohm to 55,000 ohms depending on type 

© Tolerances 0.05%, 0.1%, 0.25%, 0.5%, 1%, 3%, 5% 
Conform to Applicable JAN and MIL Specifications 
WRITE FOR BULLETIN No. R-21 


DALE PRODUCTS, Inc. 
1312 28th AVE., PHONE 2139 
Columbus, Nebraska, U.S.A. 


Export Dept.: 
Pan-Mar Corp., 
1270 Broadway, 
New York 1, N.Y. 





All these... and more... for 
YOUR BEST CONNECTIONS 


U/L AND CSA TESTED | HI-RUGGED STRENGTH 


PURE COPPER RE-USABLE 
100°. CONDUCTIVITY 


COOLER OPERATION 


ALL WIRE SIZES 
ECONOMICAL 


WRITE FOR 
80-PAGE CATALOG 


* 
iLSCO CORPORATION 
5743 Mariemont Ave. 
CINCINNATI 27, OHIO 
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life. Listed as catalogue number 233, the 
socket has a medium base and takes either 
12 or 14 gauge standard wire. The rat- 
ing is 660 watts, 250 volts. 


New Level Controller. A level controller 
that combines the advantages of electronic 
and air-pressure contro] instruments has 
been developed by Fielden Instrument 
Division, Robertshaw-Fulton Controls 
Company. The new device, called Pneu- 
tronic level control, utilizes the accuracy of 
electronic capacitance-sensing elements 
to detect minute changes in levels; elec- 
tronic signals are then converted by the 
control into proportional pneumatic out- 
put. This modulating air output is 
sufficiently powerful to operate control 
valves and other pneumatic control equip- 
ment. Eliminated are servo motors and 
other rebalance mechanisms. Because of 
the modulating control action of the new 
device, much of the wear caused by “‘on- 
off” systems is avoided. Further informa- 
tion about the Pneutronic level control is 
available upon request from Fielden In- 
strument Division, Robertshaw-Fulton Con- 
trols Company, 2920 North Fourth Street, 
Philadelphia, Pa. 


Dual-Purpose Wire. A dual-purpose wire 
which can be used as a building wire, and a 
machine tool or appliance wire has been 
announced by Anaconda Wire and Cable 
Company, New York, N. Y. Called 
Densheath 900, the wire consists of a 
bare copper conductor insulated with an 
oil- and moisture-resistant Densheath 
(polyvinyl chloride) 90-C compound, and 
slipper compound over-all to insure ease 
of pulling in conduits. The wire is rated 
at 600 volts. Although the wire is dual- 


(Continued on page 44A) 
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Let National Redesign 
Your Motors and Generators 






Old fashioned motors and generators which 
can’t keep up with modern demands. Electrical 
machines whose performance characteristics 
don’t match changed operating conditions. Don’t 
discard them until you check with National. 
Often such equipment can be redesigned and 
rewound to meet your new requirements for a 
fraction of the replacement cost. 
























Outmoded equipment can be rejuvenated by eae more iS valeble 
the introduction of modern winding techniques. eee 
\ Minor changes in design and materials often oe performance 
make a world of difference in length of life and : 
reliability of service. . e increased capacity 
Need increased capacity from a generator? 9 j 
Need a motor converted to operate at a higher .. *» . changes in voltage, } 
or lower speed? The table below shows a few 
of hundreds of instances in which National re- seca or frequency | 





design of old equipment has saved a National 
customer the cost of a new motor or generator. 





aA 
# 






Write today for details, or get in touch with 
your nearby National field engineer. 







Typical National Conversions To Produce New Operating Characteristics 















Type of Equipment Rating before Redesign New Rating 
























. 1875 HP, 900 RPM, 220 1565 HP, 750 RPM, 4160 
mie HEE Mote our 3 CA ia 60 ae be 3 phase, 50 cycles 
22,223 KVA, 171.4 RPM, 27,000 KVA, 171.4 RPM, 
Waterwheel Generator 11,000 volts, 3 phase, 11,000 volts, 3 phase, 
60 cycles 60 cycles 
125 HP, 600 RPM, 4100 





150 HP, 720 RPM, 2300 

























It 
nna. je i phane; SO volts, 3 phase, 60 cycles 
1563 KVA, 3600 RPM, 1563 KVA, 3600 RPM, 
Turbo-generator 2300 volts, 3 phase, 480 volts, 3 phase, 
60 cycles 60 cycles 








75 HP, 3560 RPM, 75 HP, 3560 RPM, 
Induction Motor 220/440 volts, 2 phase, 220/440 volts, 3 phase, 
60 cycles 60 cycles 


NATIONAL ELECTRIC (OIL (COMPANY o 


COLUMBUS 16, OHIO, U.S. A. 















ELECTRICAL ENGINEERS: MAKERS OF 
REDESIGNING AND REPAIRING OF 






ELECTRICAL 
ROTATING 


COILS AND INSULATION — 
ELECTRICAL MACHINES 
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On this planet, or on any 
other planet, Sarkes Tarzian 
High Temperature Selenium Rectifiers 
are not, as yet, used in flying saucers 
(as far as we know), but they are used in 
elite (to MutT SMe MReligegeLimelite Mustela bh? 
other types of truly modern electronic equipment 


MN ZelU cM MRelal- Mol Mial-Muilelinamele)elifasiitelars 


that requires high temperature, 


La GALLEN okeh ae Zell oMmel- meted Tell-i-Mlalelauteiitels 
olale MMe lel foMolam\ola 4-1 Im kel @ [ely] 


on i estes <er ches ses | 


arkes.| _ 
| RECTIFIER DIVISION 
arzian.. 


aitels Temperature 


Selenium Rectifiers 
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rated, current ratings should be based on a 
maximum of 60 C when it is used as a TW 
wire in National Electrical Code applica- 
tions. In locations outside the jurisdiction 
of the code, however, the wire can be used 
to a maximum of 90 C. When used as a 
machine tool or appliance wire, it carries 
Underwriters’ approval as a 90-C wire. 


New Kitchen Appliance Saves Space. 
An advanced step in the direction of home 
automation comes with the introduction 
NuTone, Inc., Cincinnati, Ohio, of a 
combination electric mixer, food blender, 
and knife sharpener. With one motor 
doing the work of three, the appliance takes 





up less than half the space needed to store 
three separate appliances. 

Every feature of the NuTone Electric is 
to save labor and speed chores. Its 300- 
watt motor, capable of heavy duty pro- 
vides 6 speeds for mixing and blending 
jobs, and is twice as powerful as any other 
food-mixer motor. 


Underfloor Wiring System. A two-level 
steel underfloor wiring system designed for 
commercial, industrial, and _ institutional 
buildings has been announced by General 
Electric Company’s conduit products de- 
partment, Bridgeport, Conn. The system 
consists of two levels of steel ducts with 
necessary fittings, and is designed to feed 
and distribute power, telephone, signal, and 
auxiliary systems. The lower level of duct 
is used to feed conductors from panel boxes 
to the upper level which in turn distributes 
conductors to the surface outlets. This 
steel underfloor system provides complete 
separation of high- and low-tension services. 
Separation is made possible because only 
single-duct junction boxes are used through- 
out. The box has duct entrances on two 
levels, which permits unobstructed runs 
without the necessity for special crossunders 
or crossovers. 


Plug-In Tubular Capacitors. New “one- 
ended” case, solid dielectric paper tubular 


DEPT. E-6, 415 N. COLLEGE AVE, BLOOMINGTON, INDIANA | 2Pacitors eign er eet asealbls 


ments of printed wiring board assemblies 





In Canada: 700 Weston Rd., Toronto 9, Tel. Murray 7535 ¢ Export: Ad Auriema, Inc., New York City (Continued on page 46A) 
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<q Coil being driven into 
slots. Tight fit shows 
importance of accu- 
rate tolerances and di- 





/ 


A Quinterra Type 5—2 ply is here being applied to the 
flat section of armature coil to form basic cell insu- 
lation. For abrasion resistance, a wrapping of 
untreated glass tape is applied over the Quinterra 


mensional stability. 


before final varnish dip and hot press cure. 


Why West Virginia Armature Co. switched 
to J-M QUINTERRA for armature coil insulation 


West Virginia Armature Co., Bluefield, W. Va., 
is a leading manufacturer of motor armature 
coils, used by the coal mining industry—a 
severe and difficult field. It was only after 4 
years of field testing that they decided to 
change to Johns-Manville Quinterra Type 5 
—2 ply for their traditional built-up insula- 
tion materials. They made this change because 
they discovered that: 


1 Quinterra retains higher inherent dic'ectric 

strength under prolonged high temperature 
operating conditions. 
Quinterra, manufactured to closer thickness 
tolerances, permits more accurately dimen- 
sioned coils, assuring easy and proper fit. 
Quinterra is pliable, conforms readily to shape 
of coil and remains dimensionally stable in 
storage Or in use. 


4 Quinterra is smooth, does not crack or flake, 
is easy and pleasant to handle, does not harm 
or irritate operators’ hands. 

5 Quinterra is flexible, eliminates dielectric fail- 
ures due to flaking or splitting. 

Quinterra Type 5—2 ply is made from two 

sheets of highly purified asbestos treated with 

a polyvinyl acetate resin saturant and com- 

bined under controlled temperature and pres- 

sure. It has ample mechanical strength for 
easy handling. Its inherent dielectric strength 
exceeds 280 VPM even at temperatures over 

130 C. 

Find out how you can obtain the same 
benefits from Quinterra. Write for free 32 
page illustrated brochure, EL-40A. Address 
Johns-Manville, Box 60, New York 16, N. Y. 
In Canada, Port Credit (Toronto), Ontario. 


Dimensional accuracy is imperative. 
Here, finished coils are being tested 
in Go-or-No-Go gauge. 


5/0 Johns-Manville ELECTRICAL INSULATIONS 


PrRooUCcTS 
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Even for the special *, 
“out of this world”’ 2 
wiring problem... 

a down-to-earth 
solution = / 
Continental Wire ve 


et ee 


- 
wae 


Whether it’s a rocket to the moon or a radio for a 
room—chances are you'll find Continental ready 
to serve your wiring needs exactly—with both 
speed and efficiency. 


With many quality insulations of Asbestos... 
Glass . . . Nylon . . . Varnished Cambric . . . 
Polyethylene . . . Polyvinyl . . . Teflon . . . Zytel, 
among others, Continental also offers a wide 
range of wire sizes—in stock and on special 
order. For instance, Continental's ELECTRONIC 
HOOK-UP WIRE. This nylon-insulated, hook-up 
wire saves TIME... LABOR... and GUESS- 
WORK in assembly. Resistance to abrasion, 
acids, alkalis and petroleum solvents—and tem- 
peratures ranging from —50° C to +125° C 
—assures dependability plus versatility. Avail- 
able in AWG SIZES 18 to 32. 


One source for your many wiring requirements 
—Continental. Write today for Continental's 
complete catalog of heat-resistant, moisture- 
resistant wires, cables and cords. Serving 600- 
5000 volts. Sizes, 18 AWG—2,000,000 CM. 


Continental's industrial wire and cable special- 
ists are available to serve you at any time. 


Contact: Continental Sales, Box 363, Dept. CWS-20 


Wallingford, Conn., Phone COlony 9-7718 


ontinental 
WIRE CORPORATION 


WALLINGFORD, CONNECTICUT © YORK, PENNSYLVANIA 


(> (his Sa 
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has been announced by the Sprague Elec- 
tric Company, 321 Marshall Street, North 
Adams, Mass. The Autocon capacitors 
are enclosed in a premolded. cylindrical 
shell of nonflammable thermosetting plastic 
with the capacitor section sealed against the 
entrance of moisture by a plastic resin 
endseal bonded to the phenolic housing. 
The two short, straight leads which issue 
from the endseal are held at a closely con- 
trolled distance from each other. An in- 
dex key molded in the phenolic housing 
adjacent to the outside foil lead facilitates 
identification of the lead for automatic 
insertion by machinery or hand operators. 
In addition; three stand-off feet raise the 
endseal and shell proper above the printed 
wiring board, avoiding moisture and dust 
trap formed by capacitors with a flat 
circumference on the housing. Complete 
performance data, ratings, and sizes of the 
new capacitors are in Engineering Bulletin 
222, available on letterhead request to the 
Technical Literature Section of the Sprague 
Electric Company. 


Light Switches. The Arrow-Hart and 
Hegeman Electric Company, Hartford, 
Conn., has announced an addition to its 
line of Quiette light switches, the new inter- 
changeable Quiette lock switch. Designed 
with lock-type handle, the new switch is 
turned on and off only with the key pro- 
vided. This will prevent tampering with 
the light switch—especially in public 
buildings, institutions, or wherever the 
possibility of having lights turned on and 
left on unnecessarily exists. The inter- 
changeable lock switch is available in 15 
ampere 120-277 volt a-c only, single pole, 
double pole, 3- or 4-way, with either screw 
or screwless wire-lock terminals and certain 
types with line shunts; or 20 ampere 120- 
277 a-c only with binding screw terminals. 


Frequency-Diversity Microwave. Micro- 
wave equipment which provides maximum 
circuit continuity has been developed by 
Motorola Communications and Electronics, 
Inc. Two simultaneous beams at different 
frequencies are transmitted to a distant 
station. The same information is im- 
pressed on. both beams, and the receiver 
automatically selects the better received 
signal. The equipment was developed for 
special applications, requiring maximum 
possible reliability, such as transmission of 
automatic long-distance dialing signals in a 
commercial telephone system. Equipment 
is available for locally controlled indoor or 
remotely controlled outdoor installation. 
Microwave transmitter and receiver units 
are packaged in plug-in boxes for fast, 
efficient maintenance. A single antenna 
system transmits both beams. FM sub- 
carrier or telephone-type (single side-band 
suppressed carrier) multiplex equipment 
can be used. Both types of multiplex 
equipment accommodate all standard tele- 
phone functions, enabling the micro- 
wave equipment to be integrated into an 
existing telephone system as a supplement 


(Continued on page 48A) 
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RUCIBLE PERMANENT MAGNETS 


for maximum energy... minimum size 


With Crucible alnico magnets you get consistently 
higher energy product ... which means more energy 
from a smaller magnet. 


That’s why they provide maximum design freedom 
for manufacturers of watt-hour meters, voltmeters, 
and devices of all kinds requiring magnets from 0.2 
ounces to several hundred pounds. 


CRUCIBLE 





Crucible 


Crucible has been a leading producer of these pow- 
erful magnets ever since alnico alloys were first devel- 
oped. And its magnet experience is backed by over a 
half-century of special purpose steelmaking. 


For technical assistance in solving magnet applica- 
tions, call Crucible. Crucible Steel Company of Amer- 
ica, Henry W. Oliver Building, Pittsburgh 22, Pa. 


first name in special purpose steels 


Steel Company of America 
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COLLYER for 


dielectric strength 


Here’s real proof of the dielectric 
strength of Collyer Standard 
Type RR Cable Suprene Insula- 
tion: after 14 months submersion 
in water at 50°C, Collyer Type 
RH-RW insulation (having a %;’" 
wall thickness) tested 370 volts 
per mil. 

Performance like this is engi- 
neered into every Collyer Cable, 
whether standard or built to 
special customer requirements. 


Collyer 600 Volt Type RR 


CHOOSE 


Collyer 


SUPRENE 


(Rubber Insulated, Neoprene Jacketed) 


COLLYER INSULATED WIRE CO. 
245 Roosevelt Avenue, Pawtucket, R. I. 


PS te 


aot? SOS eer ee. 
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to or extension of wire or cable facilities. 
Additional information is available from 
Motorola Communications and Electronics, 
Inc., Technical Information Center, 4501 
West Augusta Boulevard. Chicago, III. 


Geiger Counter Tube. A Norelco Geiger- 
counter tube, designed for X-ray spectro- 
graphic work involving elements such as 
phosphorus, silicon, and aluminum, has 
been announced by the Research and 
Control Instruments Division, North Amer- 
ican Philips Company, Inc., 750 South 
Fulton Avenue, Mount Vernon, N. Y. 
Resolving time is approximately 150 micro- 
seconds. Threshold is approximately 800 
volts. Slope of plateau is 10 per cent 
maximum, and end of plateau is over 1,100 
volts. Slope depends on counting rate and 
electronic measuring circuits. ‘The 10 per 
cent figure is based on a rate of 100 counts 
per second at a sensitivity of 1 volt. 
Operating potential is 900 volts. Back- 
ground with 2 inches of lead shielding is 
75 counts per minute maximum. Operat- 
ing temperature range is —55 C to +75 
C. Life is unlimited by use. The Norelco 
Geiger-counter tube is filled with neon 
gas and is halogen quenched. It is 6 inches 
long, 1 inch in diameter, and weighs 
approximately 80 grams. Catalogue num- 
ber for the new tube is 62030. 


Reflector Lamp. Westinghouse Electric 
Corporation has introduced a new reflector 
lamp rated at 1,000 watts which operates on 
a standard 120 volt-circuit. The new type 
R-57 is designed for a rated life of 2,000 
hours, and its initial light output is approxi- 
mately 15,500 lumens. 


Secondary Capacitors. New 3- and 5-reac- 
tive kilovolt-ampere single-phase, 240-volt 
capacitors have been added to the capacitor 
line of the Line Material Company. Thenew 
units are designed for power factor correc- 
tion on secondary distribution circuits. 
Over-all height of the new capacitors is 
13%/, inches for the 3 reactive kilovolt- 
ampere, and 185/, inches for the 5 reactive 
kilovolt-ampere. The new capacitors incor- 
porate exclusive soldersealed bushings and 
are equipped with two 48-inch insulated 
leads. For further information, write Line 
Material Company, Milwaukee 1, Wis. 


Mechanical Motor Brake. The Cleveland 
Electric Motor Company has announced a 
new mechanical motor brake. It is built 
into the motor frame and enclosed in the 
housing, saving as much as 73/, inches in 
length. Being mechanical in action, solo- 
noids and coils are eliminated as well as costly 
maintenance. This new mechanical brake 
allows for quick opening and avoids sudden 
impact on stopping. Tension springs can 
be adjusted for rapid or slower stops. Four 
locking screws give any desired adjustment. 
Precise tolerances are not required with this 
new type brake. These new brake motors 
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CITY OF SEATTLE CHOOSES 
SOUTHERN STATES TYPE WaQ 
SWITCHES FOR SUBSTATION 


One of the nation’s outstanding municipals, the 
City of Seattle, Department of Lighting, chose 
a number of Southern States Type Wag Switches - 
for its recently completed Shoreline Substation. 
Twelve three-pole 115 kv- 1200 amp switches 
are now in service. A second installation of Type 
Wag Switches, at another of the system’s substa- 
tions, will be completed soon. 

Today, extra care must be given to the choice 
of air break switches, because increased generat- 
ing capacity and a higher degree of integration 
bring corresponding increases in short circuit 
capacities. 

The Type Wag is designed to carry full-rated 
continuous current indefinitely and to withstand 
maximum short circuits. Self-cleaning, high 
pressure line contacts with greater deflection, 
shuntless design, and simplified mechanical link- 
age assure adequate performance—even under 
the most adverse conditions, including icing. 

Other features that cause increasing numbers 
of utilities to use Type Wag Switches are: 
double-race, greaseless bronze ball bearings; 
oilite sleeve bearings; simplified design; no 
maintenance; and rugged, high-quality con- 
struction throughout. 

Careful study will show why it will pay you 
to use Tvpe Wag Switches. For additional de- 
tails, write us for Bulletin 390-R. 


® \ boe\ 
IN CANADA: Dominion Cutout Co., Ltd., Toronto 
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can be installed in any position and are 
designed especially for work requiring fre- 
quent braking. For more information, write 
to The Cleveland Electric Motor Company 
Department MB, 5213 Chester Avenue, 
Cleveland, Ohio. 


ELECTRONS 

eam, a . ae New Motor Design. The Reuland Xpand- 
net ; ; able basic motor design permits many single- 
FL c3y/A frame combinations of motors, brakes, fluid 
| couplings, and gear reducers. This system 
saves money by buying and aligning separate 
units in tandem. These combinations are 
achieved through the use of standard, inter- 
changeable Reuland assemblies and result in 
space-saving power packages. Alignment 
problems are eliminated and _ installation 
time is reduced through single-unit, “pack- 
age”? mounting. Purchasing and mainte- 
nance are streamlined, as well, by the single 
Reuland centralized supply and service re- 
sponsibility. For engineering information 
and descriptive literature write to the Reu- 

land Electric Company, Alhambra, Calif. 


Resistance Analyzer. A resistance analyzer 
capable of accurately measuring the voltage 
coefficient of resistors over a variety of 
ranges from 1,000 ohms to 1,111 megohms to 
within 0.1 per cent, has been developed by 
the Electronics Division of The Kuljian 
Corporation, Philadelphia, Pa. Identified 
as model KED-75, this precision laboratory 
test instrument was designed to check such 
characteristics as d-c resistance, temperature 
coefficient, and voltage coefficient of resis- 
tors. The voltage coefficient of any resistor 
up to a capacity of 2 watts can be determined 
down to as low as 0.0002 per cent per volt. 


Copying Equipment. New xerographic 
copying equipment, which will reduce engi- 
neering drawings up to 24 by 36 inches onto a 
12- by 18-inch paper master and make pos- 
sible 100 copies in about five minutes has 
been announced by The Haloid Company. 
Haloid’s new XeroX model 7278 copying 
equipment provides, a fast, economical way 
of making masters for duplicating. Xerog- 
raphy is a dry, electrical process requiring no 
intermediate negative. Nosensitized papers, 
water or liquid chemicals are used. Use of 
XeroX model 7278 copying equipment per- 
mits use of precut rather than roll paper. 
Wet processing and hand shearing opera- 
tions are eliminated. The reduced size and 
thinner paper save filing space as well as 
folding and unfolding time. The duplicated 
copies are clean and sharp, easy to read in 
the reduction. Detailed information may be 
Sh obtained on request from The Haloid Com- 
pany, 728 Bay Street, Toronto, Ont., Canada. 


Compressed-Air Separator. An improved 
design of a compressed-air separator has been 
developed , by Chicago Manufacturing and 
Distributing Company. The Textite air 
separator has effectively cleaned compressed 
air of water, oil, dirt, scale, cinders, and other 


(Continued on page 52A) 


Please mention ELECTRICAL ENGINEERING when writing to advertisers DECEMBER 1955 











it 


OZONEFRESISTANCE 


In the new U.S.’ Royal Master High Voltage Power Cabie 


Amazingly better than ANY of the 5 leading brands tested! 


Test A— Here, a sample of 5 KV unshielded U.S. Royal Master 
Power Cable was bent into a U-shape, roughly 8 times its 
overall diameter. Placed upright on a grounded metal plate, a 
conductor-to-plate potential of 40,000 volts was appued. Because 
of this high test potential, the air broke down—and ozone cracks 
appeared. All 5 competitive cables failed within 20 minutes to 
35 hours. The U.S. Cable was still going strong after 3400 hours! 
That’s real ozone-resistance! 





Test B— A sample of the new U.S. B-18 ozone-resistant neoprene 
jacket was stretched 200% of its original length, clamped in a 
metal rack, and put in an ozone chamber...whe:e the ozone 
concentration was adjusted to .025% to .030% volume. Five 
other competitive jackets taken from leading brands were like- 
wise placed in the chamber. Within 2 and a half hours, all jackets 
had failed EXCEPT “U.S.” This jacket sample did not fail 
until after 18 hours’ exposure! 


For full facts about the great high-voltage cable, call your near- 
est United States Rubber Company District Sales Office or write 
to address below. A representative will arrange to conclusively 
prove these facts. 





UNITED STATES RUBBER COMPANY 
ELECTRICAL WIRE & CABLE DEPT. - ROCKEFELLER CENTER, NEW YORK 20, N. Y. 
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B af E C | Ss i oO | elements which are harmful to equipment 


wherever air is used. Through an arrange- 

4 ment of cleaning elements this separator re- 

AT T e a TY AT i @ ] Pe moves unwanted by-products of compressed 

‘ air without the aid of moving parts, or filter 

N elements. Only the air stream moves 

3 0) 0 0 ' Ss , throughout the unit where centrifugal action, 

“ ~ : jetting, sudden expansion, capillary attrac- 

TO mc. ; tion, and scrubbing is brought into play to 

remove the contaminants. A 4-page bro- 

chure describing the unit, and recommend- 

ing suitable models, is available from the 

Chicago Manufacturing and Distributing 

Company, 1928 West 46th Street, Chicago, 
Tl. 


TRADE LITERATURE 


Vacuum Melted Metals. A_ technical 
bulletin on vacuum melted metals and 
alloys, which includes both general in- 
formation and technical data, has been 
issued by the carboloy department of 
General Electric Company, Detroit, Mich. 
The 23-page publication, referred to as 
VM-107, covers the effects of vacuum 
: : . melting on properties of various metallic 

sx position a materials, benefits of the process to the 
TURRET ATTENUATOR user of such metals, and fabricating and ma- 
chining recommendations. It also in- 


Protected under Stoddart Patents 


featuring PULL-TURN-PUSH action i 2 cludes detailed engineering data on two new 
vacuum melted high-temperature alloys, 
M-252 and J-7570, now in commercial 
FREQUENCY RANGE: de to 3000 me. production. 

CHARACTERISTIC IMPEDANCE: 50 ohms. : - 


CONNECTORS: Type “N” Coaxial female fit- Catalogue on Airborne Electrical Equip- 


ti h a . ‘. . 
ings each end ment. A new engineering design cat- 


AVAILABLE ATTENUATION: Any value from alogue has been issued by the Contract 
haga = Pie Mane wae . re Division of the Electronic Specialty Com- 

x ete eine See cate do tare peag agen Se | . The catalogue lists voltage sensin 
10 to 60 db. As value decreases below 10 db, oe } a wees mo dene re te 
Vv inc . >.» ? 2 3 > 
se he Osta ei prnigien hia flashers, special aircraft devices, test equip- 

ALN: & BEM “ ment, and miniature components. Forty- 
POWER RATING: One watt sine wave power eight installation drawings are provided, 
Senipation. . plus specifications for each item. Address 
your request for this catalogue on company 
letterhead to: Electronic Specialty Com- 
pany, Contract Division, 5121 San Fer- 
nando Road, Los Angeles, Calif. 


SINGLE “IN-THE-LINE’” ATTENUATOR PADS 
and 50 ohm COAXIAL TERMINATIONS 


This new group of pads and terminations features 
the popular Type C and Type N connectors, and 
permits any conceivable combination of the two 
styles. For example, the two connector types, either 
male or female, can be mounted on the same atten- 
vator pad, with or without flanges, so that it may 
serve as an adapter as well as an attenuator. 
Frequency range, impedance, attenuation, VSWR, 
accuracy and power rating are as designated 
above. Send for free bulletin entitled “Measure- 
ment of RF Attenuation.” 


Occupational Safety Guide. The Na- 
tional Safety Council’s 1955 Occupational 
Safety Services Guide provides company 
safety directors with a complete catalogue 
of accident prevention aids available from 
the Council. In the service guide, com- 
pany safety men will find not only the toojs 
they need to build their plant safety pro- 
grams, but also the training aids available 
for instructing supervisors and workers. 
The 68-page guide provides a list of council 
periodicals, newsletters, and a complete 
library of technical and administrative 


See ee Me VLOG METAR | fost scccca: prevention. Information 


beeen ee @ oe ew we ee we we od 


on the subjects covered in the basic and 
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VICTOR Purified Porcelain suspension insulators are 
laboratory designed to make them the finest in their field. 
VICTOR’S complete testing facilities, which include the 
industry’s most modern impulse generator, certify to the 
soundness of their design. 

Take the 25,000 lb. unit shown above, for example. It 
has rugged, rounded corrugations for maximum strength 
and resistance to impact. Cap and ball bolt, built to the 
most rigid specifications, are thick, husky and double-dip 
galvanized to withstand the severe service for which this 
insulator was designed. Scientifically fitted glaze, properly 
and uniformly applied, gives added strength . . . added 
protection against contamination. Each insulator is proof- 
tested mechanically, then subjected to vigorous high fre- 
quency and 60-cycle flashover tests. You just can’t buy a 
better suspension! 





These ss hall ._""The § sor” and Bulletin 
of Victor and 
ont part i ion that has 
ST caatail ee of insulator ee ad oe 
os a i t tot 
— - A pre do not have ee your files 
it . : 
ee ae kota reference, send for them 


Pere i, 
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VICTOR NO. 924 
(EEI-NEMA TDJ-52-5) 
25,000 LB. SUSPENSION 
INSULATOR 





SPECIFICATIONS 


60-cycle dry flashover.......seeeeeee000280 KV 
60-cycle wet flashover.......sseeeeee000050 KV 
Positive impulse flashover*......+++see000125 KV 
Negative impulse flashover*.......+++++-130 KV 
Bry crcing Gitanci.scccccccccccccccccccees Me 
Se NIN Sb e 6 We'd ch cdedecccscadesstl” 


Wend BE ttenglivccscccccccccccccss 25,000 Ibs- 
RUS CUSTNRa es 5.6 ccc cvccdcccvasciccs 60 in. Ibs. 
BND. wccccccccccccccccccccccc cc c50 MiCtOvels 
1000 KC at applied......ssecesesees o++-1O KV 


*Crest KV. 1 x 40 microsecond wave Critical Value. 


3 od 2107 8 ae 


Purified Porcelain 


Suspensions ! 


VICTOR INSULATORS DIVISION 
( a T-E R T BREAKER C€ 
VICTOR, N. Y. 
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Primary Section: Maximum protection on the primary side is Transformer Section: I-T-E can supply any type of trans- 
assured with I-T-E Power Air Circuit Breakers. As an alter- former required for a particular installation. It can be 
nate to circuit breakers, roof bushings, throats, terminal either liquid filled, nitrogen sealed, or dry type. All trans- 
chambers, oil cutouts, liquid disconnect switches or air inter- formers match and line up with the primary and secondary 
rupter switches may be furnished. sections to create one complete unit. 


54A Please mention ELECTRICAL ENGINEERING when writing to advertisers DECEMBER 1955 








FOR COMPLETE UNIT SUBSTATIONS 


Secondary Section: The secondary section consists of I-T-E 
switchgear. Completely interchangeable, horizontal drawout air 
circuit breakers are housed in a sturdy structure with completely 
isolated compartments, large rigidly braced bus, and a superior 
exterior finish. 


I-T-E CIRCUIT BREAKER COMPANY 


Switchgear Division 





You can buy a unit substation either of two ways: 
a piece at a time (the expensive way), or all at 
once (the economical way). I-T-E can sell you 
the individual elements, but recommends that 
substations be purchased complete, and from a 
single source of supply. 

There are good, practical reasons for this. 1-T-E’s 
engineering assistance in over-all planning, floor 
layout, and choice of elements is more valuable 
to you when it covers the complete substation. 
Units are packaged and shipped ready to install 
without delay or complications. 

There are further advantages in knowing that 
one dependable company stands behind your 
complete installation, and that all parts are 
designed to function as a unit. 

I-T-E Primary and Secondary Unit Substations 
can be supplied for any application: indoor and 
outdoor, and in any standard rating. For details, 
contact the I-T-E sales office nearest you. Look 
in your classified directory under ‘Electric 
Equipment.” I-T-E Circuit Breaker Company, 
Switchgear Division, 19th & Hamilton Sts., 
Philadelphia 30, Pennsylvania. 
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engineers of leading 
industries are specifying 


Courtesy Newark Evening News 


South front of beautiful, ultra-modern office 
section of new Ford plant at Mahwah, N. J. 


“Mark of Quality” 
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Marcus 
TRANSFORMERS 


Marcus Transformers installed for 
lighting distribution in new Ford 
plants near San Jose, California, 
Louisville, Kentucky, and Mah- 
wah, New Jersey as part of the 
Ford Motor Company's huge 
coast-to-coast multimillion dollar 
expansion program. 


MARCUS 


TRANSFORMER CO., inc. 
RAHWAY, NEW JERSEY 


Representatives in Principal Cities 








Trade Literature 
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advanced courses of the Council’s Safety 
Training Institute also is included. To 
assist the foreman, the service guide offers a 
monthly magazine, training films that show 
supervisors how to use basic human traits in 
building a better safety program, and 
several hundred made-to-order 5-minute 
safety talks. A full line of posters, films, 
and booklets are available to sell safety to the 
man on the job. Individual copies of Serv- 
ice Guide 2.7 may be obtained, without 
cost, by writing the National Safety Council, 
425 North Michigan Avenue, Chicago, IIl. 


Allied Radio’s 1956 Catalogue. Allied 
Radio Corporation, Chicago, IIl., distribu- 
tor of radio and electronic parts and equip- 
ment, has announced the release of their 
1956 general catalogue. Reflecting the 
continuing growth of the industry, Allied’s 
new 324-page catalogue lists more than 
26,000 items. This 1956 buying guide may 
be obtained without charge by writing re- 
quests to Allied Radio Corporation, 100 
North Western Avenue, Chicago, III. 


Inland Testing Laboratories Brochure. 
Inland Testing Laboratories, i457 Western 
Diversey Parkway, Chicago, IIl., has issued 
a 40-page brochure. It describes the quali- 
fications, personnel, equipment, and facili- 
ties available at Inland for a wide range of 
products and systems, testing and evalua- 
tion, and other testing services. 


Leaflet on Step Regulator Ratings. A 
new approach to step regulator application 
as a possible solution to the load growth 
problem is contained in a leaflet entitled 
‘**How to Increase Step Regulator Ratings” 
released by Allis-Chalmers Manufacturing 
Company. The material shows how the 
losses of step regulators decrease as the tap 
changer moves closer to the neutral posi- 
tion, and how it is possible to increase cur- 
rent ratings when operating on these taps. 
Copies of this publication, 27R8377, are 
available on request from Allis-Chalmers 
Manufacturing Company, 931 South 70th 
Street, Milwaukee, Wis. 


Load Tap Changing Equipment. A 16- 
page booklet on load tap changing equip- 
ment has been published by Pennsylvania 
Transformer Company, Canonsburg, Pa. 
The booklet deals with the company’s Type 
220 LTC equipment—the tap changing 
mechanism furnished on all Pennsylvania 
load tap changing transformers up to 7,500 
kva, on 3-phase step voltage regulators up 
to 750 kva, and on all sizes of single circuit 
substations. Over 40 illustrations are 
used in detailing the construction, opera- 
tion, and application of Pennsylvania’s 
‘load tap changers.” Included is a section 
on control equipment, internal views of 
LTC transformers, and a brief outline of 
the methods of paralleling Pennsylvania 
LTC transformers. Copies of Pennsyl- 
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ROEBLING PAPER POWER CABLE 
WITH TELLURIUM LEAD ALLOY SHEATH 





CREEP OF TELLURIUM LEAD ALLOY AND OF COPPER-BEARING LEAD 
AT 200 PSI - 150° F 
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TELLURIUM LEAD ALLOY HAS ONLY 
THE CREEP RATE 
1 OF COPPER-BEARING 


@ vesn 


THE ABOVE GRAPH 
illustrates one big reason 

why power cable with Roebling 
tellurium lead alloy sheath is vastly 
more dependable and long-lived than cable 
with ordinary lead sheathing. But besides its low 
long-time creep rate, tellurium lead alloy has every 
other characteristic essential for meeting today’s load and 
temperature requirements...extra fatigue resistance... high 
bursting strength... top stability under heat. Write for full facts about 
this new development—the most important sheath improvement in years. 





Subsidiary of The Colorado Fuel and fron Corporation 
JOHN A. ROEBLING’S SONS CORPORATION, TRENTON 2, WN. J. crancHes: ATLANTA, 934 AVON AVE. + BOSTON, 11-15 STILLING ST. + CHICAGO, 5525 


W. ROOSEVELTRD. « CINCINNATI, 3253 FREDONIA AVE. 


* CLEVELAND, 13225 LAKEWOOD HEIGHTS BLVD. + DENVER, 480! JACKSON ST. + DETROIT, 915 
FISHER BLOG. 


* HOUSTON, 6216 NAVIGATION BLVD. « LOS ANGELES, $340 ©. HARGOR ST. + NEW YORK, 19 RECTOR ST. * COESSA, TEXAS, 1920 £. 2ND 
ST. ¢© PHILADELPHIA, 230 VINE ST. © PITTSBURGH, 1723 HENRY W. OLIVER BLOG. *¢ SAN FRANCISCO, 1740 17TH ST. © SEATTLE, 900 
IST AVE. S. ¢ TULSA, 321 N. CHEYENNE ST. * EXPORT SALES OFFICE, 19 RECTOR ST., NEW YORK 6, N.Y. (FI 
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HOT DIP 
GALVANIZING 


. . » FOR EVERY REQUIREMENT 
IN THE ELECTRICAL FIELD 


Our Record: Over 50 years of 
progressive galvanizing service 
to manufacturers and fabrica- 
tors of iron and steel products 

. . any size or shape, any size 
order from the smallest to the 
largest. Excellent facilities for 


pickling and oiling. 


“TO ECONOMIZE, 
GALVANIZE AT 
ENTERPRISE” 


ENTERPRISE 
GALVANIZING CO. 


E. CUMBERLAND STREET 
PHILADELPHIA .25, PENNSYLVANIA 














Hondle heavy reels easily and 
safely; remove wire or cable from 
top or bottom, front or back of 
reel with 


ROLL-A-REEL 


2,000 Ibs. cap. ait 


37.50 g 

Style B: Low slanted tront and 

4,000 Ibs. cap. positive front lock 
insure quick loading 


75.00 
F.O.B. Cincinnati or unloading. 


Eliminate jacks, cum- 
bersome handling. 


Carried easily 
to reels, job 
or storage. 
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vania Type 220 load tap changing equip- 
ment, Catalogue Number 5506, may be 
obtained without cost by writing to Penn- 
sylvania Transformer Company, Box 330, 
Canonsburg, Pa. 


Facilities for Electronic Production. A 
24-page booklet describing their facilities 
and products has been published by the 
Telectro Industries Corporation, 35-16 
37th Street, Long Island City, New York. 
Typical products are illustrated with line 
drawings and photographs showing as- 
semblies and subassemblies, aircraft indus- 
try equipment, recording and audio equip- 
ment, electronic test equipment, inter- 
phone and control equipment, electronic 
industry equipment, and special products. 
Copies of the booklet are available on re- 
quest on company letterhead, to the Telec- 
tro Industries Corporation. 


Miniature Precision Bearings Catalogue. 
Over 500 standard radial ball bearings are 
described and tabulated by bore size in a 
new 24-page catalogue published by Minia- 
ture Precision Bearings, Inc. The publica- 
tion describes 16 types of radial bearings in 
detail, including two new series of bear- 
ings, and presents summary information on 
six other standard series of ball bearings. 
Besides tabulating all standard MPB bear- 
ings and their performance qualities the 
catalogue contains many design aid fea- 
tures. Torque, speeds, and tolerances are 
discussed. Radial and axial play and load- 
life characteristics are explained and 
graphically illustrated. The catalogue de- 
scribes the company’s many free engineer- 
ing services, facilities for the production of 
special miniature ball bearings, and quality 
control procedures. The catalogue may be 
obtained without cost from Engineering 
Department, Miniature Precision Bearings, 
Inc., Keene, N. H. 


Strain and Suspension Hardware Bulle- 
tin. A new Line Material Company 
(L-M) strain and suspension hardware 
bulletin lists the complete line of hardware 
items offered by L-M. The 44-page bul- 
letin provides a brief description of each 
item and its usage, accompanied by draw- 
ings. This bulletin, DL8A, may be ob- 
tained by writing Line Material Company, 
Milwaukee 1, Wis. 


United States Rubber Booklet. Publica- 
tion of a 90-page illustrated booklet de- 
scribing the line of electrical wires and 
cables manufactured for the railroad in- 
dustry by United States Rubber Company, 
has been announced. Major sections of 
the booklet are devoted to insulation com- 
pounds, jacket compounds, signal cables, 
communication cables and power and con- 
trol cables. Also included is a section on 
electrical tapes and splicing compounds, 
and several charts of information on mes- 
sengers for aerial cables. Titled ‘‘U. S. 
Electrical Wires and Cables for the Rail- 


road Industry,” it is available to the trade 
from the electrical wire and cable depart- 
ment, United States Rubber Company, 
1230 Avenue of the Americas, New York, 
ef 


Texas Instruments Transistors Bulletin. 
Texas Instruments Incorporated has an- 
nounced further expansion of its line from 
five to seven types of n-p-n grown junction 
silicon transistors. ‘The new types 957, 952, 
953 are medium power silicon transistors 
and improvements on the superseded type 
X-15. They can produce a power gain of 
30 db, supply up to 1 watt of class B power, 
and be operated up to 150 C. The other 
four silicon transistor types, 903, 904, 904A, 
905, in the Texas Instruments line are 
classified as small signal units. Three 
current amplification ranges are available. 
The minimum alpha in each range is 0.90, 
0.95, and 0.975. One type has a minimum 
alpha frequency cut-off of 8 mc. For 
detailed information on the three new types 
of silicon transistors, write for the new 
series 950 bulletin. Series 900 bulletin on 
small signal types of transistors is also 
available. Address Texas Instruments In- 
corporated, 6000 Lemmon Avenue, Dallas, 
Texas, for copies. 


Molybdenum Disulfide Flakes. A mag- 
nification electron microscope photograph 
(24,000:1) of molybdenum disulfide flakes 
is featured in Field Report 738A, published 
by The Alpha Molykote Corporation, 65 
Harvard Avenue, Stamford, Conn. This 
large magnification electron micrograph of 
MoSs,, is news of scientific interest. The 
theories about the crystal structure of 
molybdenum disulfide are shown by an 
actual photograph which shows particles of 
the hexagonal structure of the crystals, and 
planes of cleavage. Also included in the 
field report are photographs of various 
molybdenum disulfide products at a 200 
times magnification. Copies of this report 
are available from The Alpha Molykote 
Corporation, Stamford, Conn. 


Induction Heating Units. A 12-page 2- 
color bulletin describing Lindberg induc- 
tion heating units for heat treating, brazing, 
soldering, and heating for forming or 
forging has been issued by the High-Fre- 
quency Heating Division of Lindberg 
Engineering Company. Descriptions and 
technical data on 5, 10, 25, and 50 kw sizes 
are listed. Included are water systems 
diagrams, and a discussion of standard 
accessory equipment. For a copy of 
bulletin 7447 write High Frequency Heat- 
ing Division, Lindberg Engineering Com- 
pany, 2444 West Hubbard Street, Chicago, 
Ill. 


Magnetic Data Storage Device. The 
TapeDrum, a new type magnetic storage 
device which combines the advantages of 
a magnetic drum and tape recorder, is 
described in a folder now available from 
Brush Electronics Company, 3405 Perkins 
Avenue, Cleveland, Ohio. Rapid access 
time and large storage capacity at reason- 
able cost are the outstanding features of the 
instrument. Principal applications are in 
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Trade Literature 


the fields of inventory control, data reduc- 
tion, trend recording, and table storage. 


Publication on Precision Cleaning and 
Finishing. American Wheelabrator and 
Equipment Corporation, 1744 South Byrkit 
Street, Mishawaka, Ind., has published a 
quarterly brochure on the subject of pre- 
cision cleaning and finishing. It deals with 
the wet abrasive blast cleaning process. 
The first issue contains a discussion of the 
scope of the wet blasting process and the 
diversity of applications that it is capable 
of serving. Other subjects will be covered 
in forthcoming issues. American Wheela- 
brator and Equipment Corporation, will 
put persons on its mailing list for this 
publication, upon request. 


Triad Transformer Catalogue. Two new 
Triad Transformer catalogues—general 
catalog TR-55, and Television Replace- 
ment Guide 7V-755 have been released by 
Triad Transformer Corporation. Cata- 
logue T'R-55 lists 685 items, 79 of which are 
new to the line. The television replace- 
ment guide, TV-755, lists correct replace- 
ment transformers for television use, show- 
ing Triad items recommended for replace- 
ment in over 5,800 models of television re- 
ceivers. Copies of these catalogues are 
available from Triad jobbers, or may be 
obtained by writing to Triad Transformer 
Corporation, 4055 Redwood Avenue, 
Venice, Calif. 


Highway Safety Film. “The Perfect 
Crime,” a dramatic new film treatment of 
the highway safety problem, has won one 
of the top honors from the National Com- 
mittee on Films for Safety. The film is 
a 20!/,-minute, sound-color presentation 
by Caterpillar Tractor Company in con- 
junction with the National Safety Council’s 
Construction Section and members of the 
Associated General Contractors of America. 
It was produced by Calvin Company of 
Kansas City, Mo. The film is available 
from Caterpillar Tractor Company, Peoria, 
1ll., or the nearest Caterpillar dealer. 


Molybdenum Data. A compilation of 
technical and fabricating data on arc-cast 
molybdenum is presented in a 72-page 
booklet published by Climax Molybdenum 
Company. Titled ‘“Arc-Cast Moiyb- 
denum and Its Alloys,” this booklet 
covers, in addition to high temperature 
applications, numerous other uses for which 
the material has been proposed. Those 
interested in metallic molybdenum and 
molybdenum base alloys may obtain a 
copy of the booklet by writing to: Director 
of Technical Information, Climax Molyb- 
denum Company, 500 Fifth Avenue, New 
York, N. Y. 


Aircomatic Welding Equipment. The 
Air Reduction Sales Company has an- 
nounced the availability of a new 16-page 
catalogue featuring Aircomatic (Airco’s 
inert-gas-shielded metal arc welding proc- 
ess) welding equipment. Manual and 
automatic units along with accessory 
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apparatus and welding wire are included 
in the illustrated booklet. A copy may be 
obtained by writing, Air Reduction Sales 
Company, 60 East 42d Street, New York, 
Nats 


Bakelite Newsletter. Latest packaging 
developments and applications of plastics 
are summarized in a new illustrated news- 
letter for extruders, converters, and coaters 
published monthly by Bakelite Company, 
a Division of Union Carbide and Carbon 
Corporation. ‘Packaging with Plastics” 
presents case histories of successful packag- 
ing applications, technical data on basic 
resins, and new and unusual packaging 
ideas on the use of Bakelite plastics in 
the packaging field. “Packaging with 
Plastics” may be obtained by writing to 
Bakelite Company, a Division of Union 
Carbide and Carbon Corporation, 30 East 
42d Street, New York 17, N. Y. 


Drafting Equipment. A new 32-page, 
illustrated catalogue featuring a line of 
drafting equipment has been released by 
Frederick Post Company, 3650 North 
Avondale Avenue, Chicago, Ill. This 
literature provides a helpful buying guide 
for drafting machines, drawing boards, 
T-squares, parallel rules, triangles, tem- 
plates, curves and lettering aids. 


Tool Steels. Crucible Steel Company of 
America has announced the availability of 
a newly-revised 44-page book entitled 
“Tool Steels for the Non-Metallurgist.” 
Written to present a practical understand- 
ing of tool steels without being overly 
technical, the text is confined to direct, 
familiar phrases. It is intended to familiar- 
ize the nonmetallurgist with the six basic 
classifications of tool steels. Properties of 
the various types of tool steels are discussed 
and general recommendations are made as 
to which type of application is most:suitable 
for each classification. Copies of this 
booklet can be obtained by writing to the 
Advertising Department, Crucible Steel 
Company of America, Post Office Box 88, 
Pittsburgh 30, Pa. 


Steelduct Catalogue. Steelduct electrical 
conduit production and helpful electrical 
building code data are featured in a 20- 
page catalogue published by The Steelduct 
Company, Youngstown, Ohio. Illus- 
trated are the various rust-proofing and 
welding processes used in the manufacture 
of Steelduct electro-galvanized, hot-dipped 
galvanized, and enamel conduit. The 
booklet enumerates the series of production 
tests made on conduit and explains the use 
of various types of steel in making the 
company’s product lines. This guide to 
weight and dimension data covers the firm’s 
entire line of electrical conduit. 


Core Form Power Units. Publication of 
an illustrated, 24-page booklet on core form 
power transformers has been announced 
by Pennsylvania Transformer Company. 
Both electrical and mechanical design, and 
construction features are described in detail. 
Copies of ‘‘Pennsylvania Core Form Power 
Transformers,” catalogue 4455, are avail- 
able without charge from Pennsylvania 
Transformer Company, Canonsburg, Pa. 





Noise Free 
A.C. Power! 





NEW CURTISS-WRIGHT 


DISTORTION ELIMINATING 
VOLTAGE REGULATOR 


@ Reduces typical power line distor- 
tion to less than 0.3% 

@ Furnishes 1.4 KVA of distortion-free 
power 

@ Electronically regulates 115 V out- 
put to +1% 

@ Recovery time less than 1/50 cycle 

@ Provides additional 4 KVA of +1% 
electromechanically regulated 
power 

@ Electromechanical time constant 
only 0.6 seconds 

@ Electromechanical regulator, unlike 
usual magnetic voltage stabilizer, 


introduces no distortion or phase 
shift 


Here at last is the ideal solution to the 
disturbing problem of harmonics and 
low frequency noise appearing in 
115 V., 60 cps power sources. In one 
compact package, every laboratory 
can now obtain both 


1) distortion-free, regulated power 
when needed, and simultaneously 

2) a large supply of electromechan- 
ically regulated power for applica- 
tions where normal line distortion is 
tolerable. 


In addition to its general laboratory 
utility, this instrument is ideally suited 
for preventing instability and inac- 
curacy in a.c. computer system null- 
ing operations. Many other applica- 
tions. 230 V. model also available. 
Immediate delivery. $1,689 f.0.b. 
Carlstadt, N. J. Write for details. 


Component & Instrument Department 


CURTISS-WRIGHT , 
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Behind RCA’s 1955 record... 
Behind RCA’s 1956 opportunities... 


SALARIES—At RCA, engineering salaries aver- 
age measurably higher than those of other 
companies in the field. Intermediate engineers 
range from $5000 to $8500, senior engineers 
from $8500 to $15,000. Staff and supervisory 
salaries open. 


INDIVIDUAL RECOGNITION—RCA organizes 
engineering activities into groups small enough 
to allow broadest scope for your individual 
accomplishment. The average group has just 
11 engineers. Yet, in all activities, you are 
backed by the entire facilities and engineering 
resources of RCA. 


LOCALITIES—At Camden or Moorestown, you 
enjoy the educational advantages of Greater 
Philadelphia, with moderate-cost living in pleas- 
ant suburban communities. Waltham offers 
at-home opportunity for New England engi- 
neers. Los Angeles, ideal West Coast location. 





Harrison lies next to Greater New York. Lan- 
caster and Findlay have small-city advantages. 


ADVANCEMENT—Regular, objective appraisal 
of your work speeds your promotion. Profes- 
sional and financial progress is just as sure as 
your achievements make it. 


PROFESSIONAL STATUS—RCA world leader- 
ship in electronics is based on the abilities of 
exceptional men on every organizational level. 
Many have widely known engineering and 
scientific reputations. You work in day-by-day 
association with these leaders. 


BENEFITS—There’s a complete program at RCA. 
A very liberal Tuition Refund Plan. Company- 
paid life, sickness and accident, hospital-surgical 
insurance for you and your family. Modern 
retirement plan. Relocation assistance, sugges- 
tion and patent awards. 





Please mention ELECTRICAL ENGINEERING when writing to advertisers 





DECEMBER 1955 





1955 


OVER 600 EXPERIENCED ENGINEERS 
AND SCIENTISTS* CHOSE RCA SYSTEMS, 


DESIGN OR DEVELOPMENT CAREERS 


NEW SYSTEMS, DESIGN AND DEVELOPMENT 


1956 


POSITIONS AT RCA OPEN HIGH-LEVEL 


OPPORTUNITY FOR YOU! 


*Plus hundreds of field 
service, recent graduates 
and other engineers. 





FIELDS OF ENGINEERING ACTIVITY 


SYSTEMS 
Integration of theory, equipments and environment 


to create and optimize major electronic concepts 


AIRBORNE FIRE CONTROL 


DIGITAL DATA HANDLING DEVICES 


MISSILE ELECTRONICS * RADAR 
INERTIAL NAVIGATION 
COMMUNICATIONS 


DESIGN ¢ DEVELOPMENT 
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Locations: €—Camden, N.J. H—Harrison N.J !—Internationa' Div L—Lancaster, Pa. M—Moorestown, N.J. W—Waltham. Mass. X—Los Angeles. Calif. Z—Findlay, Ohio 


Modern benefits program . . . Liberal relocation assistance. 





Please send resume of education and experience, with location preferred, to: 


Mr. John R. Weld, Employment Manager 
Dept. A-14M, Radio Corporation of America 
30 Rockefeller Plaza, New York 20, N. Y. 


RADIO CORPORATION of AMERICA 


Copyright 1955 Radio Corporation of America 
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ENGINEERS 


for immediate placement 


Engineering at NCR: 


1. Immediate, permanent positions in Mechanical 
Engineering, Electrical Engineering and Physics Research 
Divisions. 


2. Engineering project work in Adding Machines, 
Cash Registers, Accounting Machines, Computers and 
related Data Processing Equipment in Dayton, Los 
Angeles, and Ithaca, New York. 


3. Opportunities in design, development, produc- 


ELECTRICAL ENGINEERS 
MECHANICAL ENGINEERS 
ELECTRONIC ENGINEERS 


COMPUTER ENGINEERS 
SOLID-STATE PHYSICISTS 


tion-engineering and packaging of mechanical, elec- 
tronic, and electromechanical devices. 


4. Some experience in development, design, and 
application of high-speed, light-weight mechanisms of 
the intermittent-motion type; or, experience in digital 
devices and components, is desirable, but not essential. 


5. Ample training and indoctrination is available 
to all employees. 


As an NCR engineer you, with your family, will enjoy: 


1. UNLIMITED OPPORTUNITY in the broad, ever- 
expanding field of Business Machine Engineering and 
Research. 


2. AN EXCELLENT SALARY, plus exceptional bene- 
fits of lifetime value for you and your family. 


3. A RECREATIONAL PROGRAM for year-round 
enjoyment of the entire family, including a new NCR 
Country Club with 36 holes of golf, and a 166-acre 


employees’ park for outings with swimming, boating, 
and supervised play for the children. 


4. LIVING IN DAYTON ... considered a clean, 
attractive, progressive city with outstanding school 
facilities. 


5. YOUR WORK AT NCR with its friendly, family 
atmosphere, with its employee morale at a very high 
level, and with people who, like yourself, have decided 
to build their professional future with NCR. 


ACT AT ONCE —Send résumé of your education, experience and 


geographic preference to: 


EMPLOYMENT DEPARTMENT, TECHNICAL PROCUREMENT SECTION 3 


THE NATIONAL CASH REGISTER COMPANY 
Dayton 9, Ohio 


*Trade-Mark—Reg. U. S. Pat. Off. 
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JET PROPULSION LABORATORY 


OF THE 
CALIFORNIA INSTITUTE OF TECHNOLOGY 
Pasadena, California 


has positions now open in the field of 


MISSILE-GUIDANCE SYSTEM DEVELOPMENT 


The positions involve the planning, design, and testing of the guidance, 
control, and firing systems under development by the nation’s foremost 
guided-missile research and development facility. 


To qualify you should have at least a B.S. in a related field with good 
academic standing and one of the following experience requirements: 


1. Experience in the area of system development involving such com- 
ponents as accelerometers, gyros and programmers. Experience in closed- 
loop control system analysis is also desirable. 


2. Experience in the layout, design and proof testing of electronic and 
electro-mechanical packages with emphasis on meeting vibration, tempera- 
ture and system operation requirements. 


3. Experience in the field of designing low power switching, control, and 
power circuits with emphasis on reliability and ease of operation. 


Airmail your summary of qualifications and references to: 
CALTECH| JET PROPULSION LABORATORY 
00 Oak Grove Drive, Pasadena, California 
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SALES ENGINEER 


Electrical Insulation Materials 


Excellent opportunity with a progressive, well managed 
medium sized manufacturer of insulating materials sold 
to major manufacturers of electrical equipment and 
appliances. ‘ 


Requires a graduate Electrical Engineer with a good 
understanding of the application and use of industrial 
insulation materials. He must be personable, able to 
meet and talk intelligently with manufacturers of elec- 
trical equipment. Age 28 to 35. Location: Greater 
New York area This position offers an exceptional 
future to the right man. 


STARTING SALARY $7500 PLUS BONUS 
AGENCY FEE PAID 


Please mail duplicate resume in confidence or phone 


JAMES B. EDGAR 


AECUTIVE 
19 West 4ath St, 
A SERVICE New York 36, N. Y. 


CORPORATION Murray Hill 2-4000 














CLASSIFIED ADVERTISING 


For help and situations wanted, $2.00 per line. 
Sale and purchase of used machinery, etc., 
$2.50 per line, minimum 5 lines, maximum 30 
lines, not available to dealers. Address orders 
to: Classified Section, ELECTRICAL ENGI- 
NEERING, 500 Fifth Avenue, New York 36, N. Y. 


When answering an advertisement, send all 
replies to box number specified, c/o ELECTRI- 
CAL ENGINEERING, 500 Fifth Avenue, New 
York 36, N. Y., unless other address is given. 
For help and situations wanted, $1.50 per line. 





Positions Open 


ELECTRONIC RESEARCH AND DEVELOPMENT 
Challenging opportunities exist for all level positions in 
applied microwave circuit design and development, ana- 
log computers and aerodynamic simulators, servomech- 
anisms, navigational and automatic flight control, radar, 
and other applied research fields of electronics. Our 
firm is devoted entirely to research and development, 
numbers about 1100 and is owned by one of the nation’s 
leading universities. Our salary and benefit programs 
are on a par with industry. Graduate study at Univer- 
sity of Buffalo is encouraged through generous tuition re- 
fund program. Additional information on current 
openings will be sent upon request. Cornell Acronau- 
tical Laboratory, Inc. P. O. Box 235, Buffalo 21, New 
York. 


ELECTRONIC RESEARCH AND DEVELOPMENT 
positions are now available at a university in the South- 
east. Instructors required for September, 1956, $4000- 
4800; graduate assistants (M.S. in twelve months), 
$110 per month, tuition-free. Write Box 356 


ELECTRICAL ENGINEER EXPERIENCED IN 
INDUCTION HEATING. Must be capable of de- 
signing induction heating and control components 
Established concern. Salaryopen. Box 359. 


SALES ENGINEERING—Excellent career opportuni- 
ties for several Electrical Engineers, recent graduates to 
age 30. Nationally known wire and cable manufac- 
turer will train you for sales engineering positions. Pre- 
vious sales experience not required. Training at plant 
located in Northeast. Placement will be in branch 
offices throughout U. S. Reply giving age, education, 
include recent photo. Box 361. 


MOTOR DESIGN ENGINEER—Electrical engineer- 
ing graduate to design fractional horsepower and mili- 
tary motors and synchros. Must be citizen. Salary 
dependent on experience. Other openings for ME and 
EE graduates. Wright Machinery Company, Sub- 
sidiary of Sperry-Rand Corporation, Durham, North 
Carolina. 


ASSISTANT PROFESSOR OF ELECTRICAL EN- 
GINEERING, University of North Dakota, Grand 
Forks, North Dakota. Duties: teaching electronic and 
communications courses to undergraduate students, An 
advanced degree plus some teaching or industrial experi- 
ence preferred. Submit resume of education and experi- 
ence to Head, Electrical Engineering Department. 


DEVELOPMENT ENGINEERS—ELECTRICAL 
CONTROL EQUIPMENT. Recent or current BSEE 
graduates for 6 to 12 months training period within the 
company preparatory to assignment to Development 
Engineering duties. Send resume and salary require- 
ment. Location: Cleveland, Ohio. Box 371. 


FIELD ENGINEERS (SALES)—Opportunity for 
graduate Electrical Engineers in sales force of friendly 
growing company proud of its established reputation in 
control field. Job requires participation in application 
and service of custom built motor control for heavy 
industry. Applicants who qualify are given intensive 
training course before assignment to one of ten district 
sales offices. Send resume and salary requirement. 
Location: Cleveland, Ohio. Box 372. 


CHIEF ENGINEER—Electrical or Mechanical—with 
ability to organize and develop engineering and pro- 
duction flow of panelboards and switchboards. Ex- 
cellent opportunity to develop into administrative or 
executive pesition with a growing organization. Box 


JUNIOR DISTRIBUTION ENGINEER—Electric 
utility serving in the East desires a graduate electrical 
engineer with some experience in the distribution field, 
preferably with a public utility. Permanent position— 
salary dependent on experience and ability. Applicants 
please include complete resume of experience and quali- 
fications. Box 374. 


(Continued on page 64A) 
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OPPORTUNITIES 
in the following fields! 


© MISSILE GUIDANCE 
SYSTEMS 


THE ELECTRONICS DIVISION —* tome conrrois.” 


OF —@ BOMBING 


GENERAL MOTORS | COMPUTER’ SYSTEM 


© AIRBORNE FIRE 
CONTROL 


© U.HLE. 
COMMUNICATIONS 


id _ @ MICRO-WAVE 
Our current monthly turn- EQUIPMENT 


* 


over figures are phenomenally 
good. Have been, we are proud 
to say, for years. It speaks 
well for the job opportunities, 
working conditions and the 
wages we pay our Engineers 
and Designers. Investigate 
for your future. Write 


us today. 








(Continued from page 63A) 


ELECTRICAL ENGINEER—As Assistant Superintend- 

ms for as nag a Electric and Se anny: 
yy in design, planning and operation of 2400/- 

4160 volt distribution systems. Knowled; e¢ and ex 

perience in steam generation plants desirable. Ex- 

—. opportunity for advancement. Age 32-45. 
x 375, 


DESIGN ENGINEERS wanted by forty-year old Elec- 
tric Equipment manufacturer. Switchboard and con- 
trol et with some electronic knowledge desired. 
Also, Electric Machinery Designer wanted. rite The 
Electric Products Company, i725 Clarkstone Road, 
Cleveland 12, Ohio, in care of chief engineer. 


ARMAMENT TEST ENGINEERS AND SCIEN- 
TISTS needed to investigate and modify photo-optic or 
electronic instrumentation systems for the performance 
evaluation of varied gunnery, rocket and bombing 
systems. Armament engineers, physicists and mathe- 
maticians with suitable commercial or military ex- 
perience ge | receive additional information regarding 
careers in this field by writing to Vitro Laboratory, 
Division of Vitro Corporation of America, General 
Delivery, Eglin Air Force Base, Florida. 


ELECTRICAL ENGINEER—Position open for a senior 
electrical engineer in plant engineering department of a 
large midwest research and development laboratory. 
Must have good academic background and extensive 
experience with electrical installations, planning, de- 
sign, specifications, cost estimates, construction, etc., 
pertinent to operation and maintenance. Age range 35 
to 50. Salary open. Box 378. 


ENGINEER-ELECTRICAL—Northern New Jersey 
manufacturer of electric motors, established over 20 
years, has an excellent opportunity for a yours man 
experienced in, or interested in, Electric Motor Design. 
At least 2 years E.E. experience required. Good start- 
ing salary. Many employee benefits. Box 379. 


ELECTRICAL LABORATORY TECHNICIAN- -Re- 
cent graduate or evening student for test work and train- 
ing on electro-mechanical magnetic products. Ex- 
cellent opportunity for advancement. BM Industries, 
Inc., Stamford, Connecticut. 


DESIGN ENGINEER—ME degree preferred. Mini- 
mum three years experience in light machine design, 
instruments, or electro-mechanical devices. Excellent 
opportunity for advancement. PM _ Industries, Inc., 
Stamford, Connecticut. 


Positions Wanted 


ELECTRICAL ENGINEER 44, registered P.E. by 
examination. Extensive experience in design and con- 
struction of industrial plants, high voltage generation and 
substations. Desire permanent responsible position with 
Architect-Engineer or Industry. x 367. 


PROFESSIONAL CINEMATOGRAPHER with elec- 

trical engineering background desires position requiring 

the preparation of sound films for Sales Promotion or 

Industrial use. Will take complete charge of script 

writing, Gennes, editing, titling, animation 

— and recording. Equipment supplied if desired. 
ox 368. 





NOTE: Closing date for material to be 
set in the classified advertising column, as 
well as cancellations for running ads, must 
be received not later than the first of the 
month preceding issue; i.e., July first 


for August issue 











ELECTRICAL ENGINEERS—Several positions avail- 
able in Headquarters Sales Department of progressive 
manufacturer of large Synchronous and Induciion 
motors, generators and associated control apparatus. 
Responsibilities will be to analyze teehnical problems for 
engineer salesmen in field, prepare bids, and interpret 
specifications for manufacture. Experience desirable 
but will train any with suitable ba und, Future 
will lead to further responsibility at Headquarters or 
opportunity for outside sales. Location—Minneapolis, 
Sikenessee. Box 376. 
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JUNIOR ELECTRICAL ENGINEERS—Five grad- 
uates for power stations and substation electrical design. , 
sage goad York wits canes Service Cogpaiee * 
tion for a large group of electrical utilities. uire- 

conte 1 to yi oe ns ce cquinans ENG i A E ERS 
manufacturer, G. E, or Westinghouse test course, or f 

actual electric design, oe construction experience SYLVANIA gr ows 33% faster 

on steam, diesel or hydro plants and substations. than electronics industry 
Limited foreign travel possibilities in future. Reply 

stating age, education, experience, mal particulars, 1954 
and minimum salary expected. Box 377. 


SALES ENGINEER, B.S.E.E. Age 30, married, 5 ‘ — Your Future 


years successful experience in industrial technical sales 
and administration. Field and construction experience. 
Extensive European travel. Desires challenging as- 
signment with progressive company. Will relocate. 


: . | 6 © 
Resume on request. Box 380. ; [| Q S with a 


SALES ENGINEER—Electronic Engineer with success- 
ful record irt sales of Electronic Systems (Income $15,- 
000) seeks association for greater potential. Box 381. 


STATIONS CONSTRUCTION SUPERINTEND- oa - GROWTH 
ENT, ELECTRICAL ENGINEER. BSEE 1938, EE ; : ¥ td 


1944, 39, single; P.E., written examination, 20.3 
ee eee and registration certified ky National 

jureau ineering Registration. On large (200,000 
KW-up) thermal station’s electrical construction super- 


Py: s s 
vision in U, S. A. including two years in Asia. Lan- eee 

uages English and French. Widely traveled Europe, ; -4 

sia, North America. Presently employed—desires : 


exceptional challenge world-wide. Box 382. 


ELECTRICAL ENGINEER, D.sc.; Registered EE and Se 
ME, married; experience in design, development and f 
application switchgear and instrument transformers; F ] 


research ~~ voltage and gaseous discharges. Wide 1947 
theoretical background. Ability to handle people and $69 ; $2 
administrate research or engineering organization; 4 


Employed in executive position. Desires supervision E cane . 
research or d million billion 


evelopment position with future, not 
necessarily in field of previous experience. Box 383. fl Ul S ry 


SALES ENGINEER, BSEE, Registered P.E., 29, 
family, By. 2 successful years sales —_ application of 
electrical apparatus and supplies with national company. : ‘ 

Desire opportunity to utilize experience with progresive | i You can move up fastest and most securely with a firm that grows 


firm, not necessarily sales. ill relocate in South or ...in an industry that grows. 
Southwest. Box 384. 























Projected growth of the electronics industry is more than double 
for the next ten years. Past indications prove that your best 
chance for a career is with Sylvania...in the past eight years 
Sylvania has grown 33% faster than the electronics industry of 
which it is a part. 








Join Sylvania now and grow with it. 


FLECTRICAL ENGINEERS WALTHAM Engineering © BUFFALO Engineering 


Majors in E.E., M.E., Math, Majors in E.E., Math or Physics. 
3 Physics. Research & Development Experience in Advanced 
ELECTRONIC ENGINEERS experience in— Development and Product Design 
Countermeasures Information Theory 
Systems Analysis Advanced Circuit Design 


GR ADU ATES eae ar frac Design 


Antenna Res. & Dev. Logical Circuit Design 
Systems Development Mathematical Analysis for 
JUNIOR — SENIOR Mechanical Design Numerical Computation 
Miniaturization Pulse Techniques 
: Digitol Computer Data Processing Devices 
For development, design ; Circuits & Systems Components & their Applications 
and testing of electrical in- Cirevit Designs Magnetic Amplifier Techniques 


tr ] ligh Shock & Vibration Servo Techniques & Applications 
struments, re ays, 11g t meas- Technical Writing Digital Computer Design 


uring instruments and os- Missile Analysis Control Circuits & Devices 
cillators for electronic equip- Missile Systems Laboratory 
ment Radar Research & Development INTERVIEW & RELOCATION EXPENSES 


Missile Guidance & Ground WILL BE PAID BY SYLVANIA 

a Equipment Analysis 
ane ore. peronnen Rott Systems Evalvation Operations | Sera, movil nance weno 
tions with opportunities for Research er tgp aga pha perros 
advancement. Educational 


advantages offered. 























Please forward resume to: Professional Placement Supervisor 


Fi : IL A. 
MAR, MEOMOSH/ CORLL ME B 2: EER TT ano Fuathwnld 179 Geese ee ave 
BI 3-4700, EXT. 434 FOR AN APPOINTMENT a . 
Waltham, Mass. | Buffalo 7, N.Y. 


Your inquiries will be answered within 2 weeks 


WESTON ELECT. INST. CORP. 


614 FRELINGHUYSEN AVE. D> SYLVAN IA y 


NEWARK, N. J. SYLVANIA ELECTRIC PRODUCTS INC. 
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enomeers- 


Sandia 
Corporation 


" A SUBSIDIARY OF THE 
live WESTERN ELECTRIC COMPANY 


and work offers challenging 
in new career 
Albuquerque 
famous for its 
high, dry, sunny 
climate 


scientists 


Sandia Corporation operates Sandia Laboratory under contract 
with the Atomic Energy Commission. Sandia engineers and 
scientists work in the forefront of a new field — the design and 
development of atomic weapons vital to the nation’s defense. 
Graduate engineers and scientists will find excellent profes- 
sional opportunities in these specific fields: 


ENGINEERS — Mechanical, electrical, electronic; with BS or 
higher degree. Design, development, and preparation for pro- 
duction oF electro-mechanical systems and components, elec- 
tronic devices and test sets, antennae, test and design evalua- 
tion of electrical and mechanical components. 


PHYSICISTS AND ENGINEERING PHYSICISTS — with MS or PhD 
degrees. Openings for classical theorists, experimentalists, in 
the fields of weapon systems analysis, blast wave propagation 
and diffraction, evaluation of present weapon designs, recom- 
mendations for new weapons. 


MATHEMATICIANS — PhD level, in field of applied mathe- 
matics, probability studies, fluid dynamics, statistics, weapon 
systems analysis. 


AERODYNAMICISTS — PhD, MS, or BS with at least 5 years 
experience. To perform analytical or experimental aero studies. 


QUALITY CONTROL, TEST & EVALUATION ENGINEERS — Set up 
and perform electro-mechanical tests, environmental testing, 
evaluate results, devise new test methods, statistical quality con- 
trol. Appropriate college degrees required. 


Sandia Laboratory is located in Albuquerque — a modern, 
cosmopolitan city of 160,000, rich in cultural and recreational 
attractions and famous for its delightful year-around climate. 
Working conditions are excellent. Employee benefits include 
liberal paid vacation, free group life insurance, sickness bene- 
fits, and a generous contributory retirement plan. Compensa- 
tion is competitive with that offered in other industry, and there 
are many opportunities for advancement. Housing is readily 
obtained, and accepted applicants receive a generous moving 
allowance. Forannak: neiacane will be arranged for qualified 
applicants. For additional information, or to apply for em- 
ployment, please write: 


PROFESSIONAL EMPLOYMENT DIVISION 551A 


SANDIA BASE ALBUQUERQUE, NEW MEXICO 
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PERMANENT, 
CREATIVE 
OPPORTUNITIES 


ELECTRICAL 
ENGINEERS 


AT 


“Send 


immediate openings for... .. 
SENIOR COMPUTER ENGINEER 


At least five years experience with analog computers 
with control applications. A degree in electrical engi- 
neering, or math and physics required. Activity is 
in the field of aircraft and missile power plant controls, 
including gas turbine, ram jet, and rocket types. 
Work will be with hydra-mechanical, pneumatic and 
electrical components. The fuel metering research 
facility includes an analog computer and jet engine 
simulators. 


MAGNETIC AMPLIFIER SYSTEMS ENGINEER 


Electrical engineer supervisory capacity on research 
and development of magnetic amplifier circuitry, con- 
trol systems, and component design and testing, super- 
vising other engineers and technicians. 


COMPUTER ENGINEER 


Graduate engineer thoroughly qualified as a digital 
computer programmer, capable of handling engineer- 
ing and production calculations, to train present per- 
sonnel in preparation of data for computer applica- 
tions. Set up new applications. Work with complex 
dynamics and control problems characteristic of the 
jet engine fuel system and landing gear fields. 


LIQUID PROPELLANT ROCKET CONTROLS ENGINEER 


Mechanical or electrical engineer to supervise the re- 
search and development of liquid propellant rocket 
controls, systems design, component design, develop- 
ment and testing. 

The salary of these positions will be determined by your 
ability and experience. 

Send detailed résumé listing education, engineering 
experience, and salary requirement to: 


TECHNICAL EMPLOYMENT DEPARTMENT 
BENDIX PRODUCTS DIVISION OF 


BENDIX AVIATION CORPORATION 


401 North Bendix Drive 
South Bend 20, Indiana 


We guarantee you an immediate reply 
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a 
WESTINGHOUSE 


BALTIMORE DIVISIONS 


opportunity 





for experienced electronic engineers seeking long-range 
positions of responsibility and opportunity. 


Current opportunity at the Westinghouse Baltimore 
Divisions combines most of the ordinary advantages— 
such as good income and employe benefits— 
with a foremost program of professional recognition, 
advanced education at company expense, and long-range 
development work that is creative and interesting. 
Work in modern facilities that are ideally located. 
Apply today! 


OPENINGS 


EXIST IN THE FIELDS OF: 











*CIRCUITRY *FIRE CONTROL 
*MICROWAVES SYSTEMS | 
*SERVOMECHANISMS *ANALOG COMPUTER 
*MAGNETIC DESIGN 
AMPLIFIERS *TRANSFORMERS 
*PACKAGING *VIBRATION 
*DIGITAL COMPUTER *RADAR DESIGN 
PROGRAMMING *FIELD SERVICE i | 
TO APPLY 
Send letter outlining your experience to— 
Technical Director, Dept. 277 
Westinghouse Electric Corp. 


t 

2519 Wilkens Avenue | 

Baltimore 3, Maryland 4 
; 


you can 6e SURE...1¢ irs | ee 


&3 Westinghouse 
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ENGINEERS AND DESIGNERS 


Have you had 2 or more years’ experience—or are you 
especially trained or interested—in one or more of the 
‘oliewing fields? Our work is in connection with appli- 
cation and design engineering on a wide variety of proj- 
ects such as electric power systems, advanced test 
facilities of unusual natures and general industrial 
installations. 


* Power Generating Plants 

¢ Transmission Lines and Substations 

¢ Overhead & Underground Distribution Systems 
¢ Switch Gear and Relaying 

¢ Building Lighting and Power 

* Schematic and Wiring Diagrams 

¢ Instrumentation and Machine Design 

* Industrial Process Controls 

¢ Specification Writing 


Openings also available for several recent graduates and 
draftsmen. 


Sverdrup & Parcel, Inc. was established in 1928 and 
employs over 400. We desire men who want long range 
employment. The variety and unusual nature of many 
of our projects offer challenging problems and excellent 
opportunities for development and advancement. In- 
dividual responsibility and starting salary are commen- 
surate with ability and experience. Attractive Em- 
ployee Benefits Plan and other desirable features. 


Please write fully to— 


SVERDRUP & PARCEL, INC. 


: CONSULTING ENGINEERS 
915 Olive St. Louis 1, Mo. 











ELECTRONIC and ELECTRICAL 
ENGINEERS and PHYSICISTS 


Armour Research Foundation has openings in Chicago, Illinois, 
and Fort Huachuca, Arizona, for graduate engineers or physicists 
with experience in one or more of the following areas: 


Radio and radar 

Electronics Instrumentation 

Communication systems evaluation 

Electric machines, components, and measurements 


These are permanent positions offering attractive salaries, liberal 
benefits, and excellent opportunities for personal and professional 
growth. Send resume to: 


MR. T. E. DePINTO 
ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 
10 West 35th Street, Chicago 16, Illinois 








Guided Missiles is one of the fastest-growing, 
ENGINEER most vital of engineering fields. This is an 
opportunity to work with General Electric, 


G U t DED a leader in their development and production. 

You'll be required to handle development, 

design, and component engineering of elec- 

M iss] LE trical inter-connections and relaying systems. 

A BS in EE, plus experience in development 

FL ECTRIC. A L or design of missile or aircraft electrical sys- 
tems is necessary. 


SYSTE. MS This department is composed of high-caliber 
men, and you'll find working and living condi- 
tions in this upper New York State location 
very pleasant. 


SALARY IS EXCELLENT 
Send resume to: 


Mr. James Hevelin, SPECIAL DEFENSE PROJECTS DEPT. 


GENERAL @@ ELECTRIC 


2900 CAMPBELL AVE: SCHENECTADY, N. Y. 
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THE NEW, DYNAMIC 
ELECTRONIC TUBE DIVISION OF 


Westinghouse 


at Elmira, New York 


will be pleased to consider resumes of well-quali- 
fied engineers for top positions concerned with 
the design and development of electronic tubes. 


"Openings for: 
TUBE DESIGN & DEVELOPMENT APPLICATION ENGINEERING 
MICROWAVE TUBES: Magne- for each of the aforementioned 
trons, traveling wave tubes, klys- fields. 
trons, reference cavities, and other 
devices. TEST & MFG. EQUIPMENT 
DESIGN 


PICK-UP DEVICES: _ Image — 
orthicon, vidicon, infra-red, X-ray  Pearorung and vest units, ina igh 
t ‘units 


image intensifier. frequency oscillation tes ; 
automatic receiving-tube test cir- 
CATHODE RAY TUBES: Color cuits. 
and black-&-white. 
MFG. ENGINEERING 
OTHER TUBES: Including re- Microwave, image orthicon, receiv- 
ceiving power tubes. ing or color TV tubes. 


You will work on important challenging assign- 
ments, receive recognition, and have 
the security an excellent financial future. 


Uncrowded living conditions, no commuting 
problems, excellent schools, in a delight- 
ful vacation area, with lower living costs. 


Exploratory interviews in your R. M. Jarrett 
area, or travel expenses pald for WESTINGHOUSE ELECTRIC CORP. 
Elmira interviews. Send resume: P. O. Box 284, Elmira, N. Y. 


JET PROPULSION LABORATORY : 
‘of the CALIFORNIA INSTITUTE OF TECHNOLOGY 
Pasadena, California 





Excellent opportunities exist for profes- 
sional growth in research atmosphere for 
Engineers and Physicists of all grades. 
Facilities and equipment are superior. 


Airmail your summary of qualifications to: 


CALTECH 
JET PROPULSION LABORATORY 
Pasadena, California 








CIGRE REPORT ON CORONA LOSSES 


A SURVEY OF THE RESULTS OF MEASUREMENTS 
CARRIED OUT IN DIFFERENT COUNTRIES ON 
HIGH-VOLTAGE OVERHEAD LINE CONDUCTORS 


Prepared by Mr. Francois Cahen and Mr. Rene Pelissier 
this booklet examines corona losses from three points of 
view: losses in fair weather; losses during precipitations 
on short line lengths; and lossesonalongline. (7/17/52) 
S-70 is priced at 75 cents per copy. This 88-page mimeo- 
graphed booklet is available from the Order Department. 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
33 West 39th Street, New York 18, N. Y. 
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here is the 


... and the future is 
brighter than ever for 


ELECTRONIC and MECHANICAL 


ENGINEERS 


Remington. Fland 
ENGINEERING isearci Associates DIVISION 


ERA’s leadership in creative research and unusual devel- 
opment of vitally needed new applications in mechanical 
and electrical engineering fields is internationally known. 

Now you can join an ERA Project Team. While you 
are working closely with ERA’s staff of outstanding engi- 
neers, you will be learning all about the system being 
created and perfected. You will grow with ERA and 
steadily enlarge your computer experience and professional 
standing. 


SPECIAL BONUS... . While earning good pay and work- 
ing in good surroundings, you will enjoy living in a leading 
cultural center located in the heart of Minnesota... 
friendly vacation land of 10,000 lakes. 


To qualify, send an outline of your training and 
experience to Department D-3 


Rlemington. Fland 
DIVISION OF §SPERRY RAND corporation 


Ei NGINEERING istarce Associates DIVISION 
1902 West Minnehaha Avenue « Saint Paul W-4, Minn. 





8080655955557) 


| 

















———_—_—7._ 
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A Challenging Position Open! 


Indiana Steel Products Company needs . . . 


A Design and Development Engineer 


Degree in electrical engineering, mechanical 
engineering, or physics required. Experience 
in magnetics desirabie. 


Indiana Steel Products Company manu- 
factures magnetic materials. Advantages 
include, (1) Company is small enough to 
appeal to those desiring fast recognition for 
initiative and ingenuity . . . you'll be working 
in the same plant with top management, (2) 
Magnetic materials, a growth industry . 
Indiana Steel Products a rapidly growing 
company, (3) You'll live in a small com- 
munity (Valparaiso, Indiana, 12,000) . . 
near Chicago, but not too near, (4) You'll live 
near Lake Michigan beaches. 


For interview call or write C. A. Maynard, 
Vice President, Engineering and Research 
INDIANA STEEL PRODUCTS COMPANY, Val- 
paraiso, Indiana, Phone: Valparaiso 2-5601 


enaineeR—-GU/DED MISSILES FIELD 


Opportunity in an important and fast-growing field where 
creative ability is quickly recognized. If you have electrical 
experience or background, investigate these opportunities 
with General Electric. 

Position for Engineer to Design, Develop and Evaluate: 
Electrica! equipment for use with missile fusing and arming 
systems, including missile-borne power supplies and relay 
control systems with associated electrical wiring and cabling. 
Electrical field test equipment for checking performance of 

missile-borne samae and arming equipment during the 
course of field assembly and during preflight preparations 
immediately prior to launching. 
You'll be working with one of the nation’s top industrial or- 
ganizations, where living and working conditions are con- 
sidered excellent. Excellent salary. 
Please send tesume to: 


MR. JAMES HEVELIN 
SPECIAL DEFENSE PROJECTS DEPT. 


GENERAL @@ ELECTRIC 


2900 Campbell Avenue Schenectady, N. Y. 














UTILITY EXECUTIVE ENGINEER 


LOCATION: Fast growing electric utility company in a large, progres- 
sive ony in Florida, the —— 's number one state in rate 
of = dustrial growth, and number two in population 
gro 


RESPONSIBILITIES: Management of all engineering operations of 
company. Supervision and iraining of engineering de- 
partment. 

EXPERIENCE: Diversified engineering background in electric utility 
company, including a minimum of three years supervis- 
ing engineers. Individual must have leadership ability, 
with potentiality for further advancement. Ability will 
be r ed as of greater importance than just years of 


experience. 

AGE: 35-45 desirable. 

SALARY: Commensurate with the high level qualifications de- 
manded by the position. 

REPLY: Confidentiality assured. Write Box 385, Electrical Engi- 


neering, 500 Fifth Avenue, New York 36, giving summary 
of qualifications. 








a 
your future in 


As the foremost company de- 
voted exclusively to the de- 
sign and production of rocket 
engines, Aerojet-General Cor- 
poration, a subsidiary of The 
General Tire & Rubber Com- 
pany, is recruiting qualified 


Aerojet needs— 
Mechanical Engineers 
Electronic Engineers 
Chemical Engineers 


engineers for varied long dynamicists 
range programs in rockets and Physicists 
guided missiles. At Azusa Chemists 


and Sacramento, California, 
Aerojet is in the process of 
expanding its research, test- 
ing and manufacturing facili- 
ties to keep pace with the con- 
stant advance in the rocket 
engine and guided missile 
field. The diversification of 
projects, both governmental 
and civilian, insures you of 
not just a job but of intrigu- 
ing and varied activity in an 
organization that is a leader 
in a highly interesting field. 

Aerojet-General represents an 
outstanding opportunity for a 
man who has his eye on the 
future—a challenging and pro- 
ductive future in rocket power. 


ing fields: 


Pumps & Turbines 
Valves & Controls 
Rotating Machinery 
Combustion Chambers 
Electrohydraulic Systems 


Send resume to: 


AZUSA, CALIFORNIA 
CINCINNATI, OHIO 


A Subsidiary of 
The General Tire & Rubber Company 











ROCKET POWER 


Aeronautical Engineers or Aero- 


Design & Development Engineers 


Interesting assignments in power 
plant development in the follow- 


EMPLOYMENT SUPERVISOR 
Dept. E., Azusa, Calif. 


ammpHyfl-(genal CORPORATION 


SACRAMENTO, CALIFORNIA 











+ 


CONFERENCE ON ELECTRICALLY 
OPERATED RECORDING AND 
CONTROLLING INSTRUMENTS 


The AIEE Instruments and Measurements Com- 
mittee formed a subcommittee in late 1951 to deal 
exclusively with recording and controlling in- 
struments, in recognition of the importance of 
such equipment in modern industry. This sub- 
committee undertook as its first major activity a 
conference intended to educate and stimulate in- 
terest in the design, theory of operation and ap- 
plication of electrically operated recording and 
controlling instruments, and to familiarize engi- 
neers with recent advances in this field. 


The conference was held in the Benjamin Frank- 
lin Hotel in Philadelphia, Pa., on November 17 
and 18, 1952, and drew approximately 500 reg- 
istrants from a wide variety of geographical and 
occupational backgrounds. Four sessions were 
held on the subjects of new developments in the 
field of self-balancing recorders, electric con- 
trolling instruments, applications and systems, 
and new types of recording instruments. 


Publication §-52 is available at the price of $3.50 
to members and nonmembers. Send orders to: 


Order Department 
American Institute of Electrical Engineers 
33 West 39th Street New York 18, N. Y. 
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Boeing "'E.E.’s’’ help 


Here is another important “first” for 
Boeing electrical engineers. They played 
an important part in creating the Boeing 
Jet Stratoliner 707, shown here as it will 
look when it takes to the air. Many 
Boeing electrical engineers are now at 
work perfecting this epochal jet tanker- 
transport. Other electrical engineers are 
developing systems and components that 
will continue to enhance Boeing leader- 
ship—and their own professional prestige. 

A prototype of the 707 has been flight- 
tested for well over a year, both as a com- 
mercial jet transport and as the KC-135 
jet tanker for the Air Force. Boeing engi- 
neers are proud of their vital contributions 
to this and other aircraft: the Boeing 
IM-99 Bomarc pilotless interceptor, now 
under intensive development . . . the 


create America’s first jet transport 


giant B-52 global bomber, at present 
being delivered to units of the Air Force 

. the B-47 jet bomber, mainstay of 
Strategic Air Command. These engineers 
are members of aviation’s top creative 
team. There are more than twice as many 
of them with Boeing now than at the 
peak of World War II. This is evidence 
of the company’s solid expansion, and of 
the opportunities for engineers’ career 
growth. 

Electrical engineers at Boeing help de- 
termine the basic configuration of years- 
ahead airplanes and guided missiles. The 
importance of their art is.continually 
growing in instrumentation, radar sys- 
tems design, guided missile control, min- 
iaturization, sonic testing, and many 


other fields. 


Boeing needs additional engineers, 
mathematicians and applied physicists 
with advanced degrees now. If you feel 
that you would fit in with Boeing's tradi- 
tion of engineering leadership, there may 
be a place for you on a team in research, 
design or production. 

JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Co., Dept. E-46, Seattle 14, Wash. 


R. J. B. HOFFMAN, Administrative Engineer 
Boeing Airplane Co., Dept. E-46, Wichita, Kansas 
If you want further information on the advan- 


tages of a career with Boeing, please send coupon 
to either of the above addresses. 


Name __ 


College(s) 
Address __ 


Degree(s) Year(s) 


City Zone State 


Telephone Numb 


SOLEMN G&G 


Aviation leadership since 1916 
SEATTLE, WASHINGTON WICHITA, KANSAS 
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A beneral Motors 
Lareet Opportun 
in clectronics 


Engineers 


E.E., M.E., Chemists, Physicists, Metallurgists 


Here are some jobs available with General Motors 


leading electronics division, with exceptional perma- 
nent opportunities for advancement in research and 


engineering fields. 


e Transistor application 


e Vacuum tube and asso- 
ciated apparatus 


Mechanism design 
Circuit design 


Test equipment design 
and development 


Manufacturing process, 
mechanical engineers 


Manufacturing process, 
electronic engineers 


Tool design: machine, 
die cast dies 


Time and motion study 


Electronic engineers for 
field service instructors 
(car furnished —travel) 


Recent graduates 
(1-year management 
training) 


Technicians 


If you desire achievement and advancement in the old- 
est electronics division of General Motors, with 20 
years of pioneering behind it, you are invited to write 
at once. Give information on education, experience, 
military duty and personal data. Letters held in com- 
plete confidence. Relocation expenses paid to pleasant 
Indiana community with fine schools, excellent living 
conditions and many other advantages. Outstanding 
General Motors employe benefits are included. 


Address: Personnel Director, Department VV 


Lito Xt 


DIVISION OF 


GENERAL 
MOTORS 








GENERAL MOTORS 


KOKOMO, INDIANA 
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AIEE 
REPORTS 


These publications are pro- 
posals for new standards or 
test codes, or revisions of 
present publications, which 
are in the formative stage. 


They are made available, 
without cost, so that all in- 
terested individuals may ob- 
tain them for study and com- 
ment, thereby supplying 
practical experience in their 
use before submission for 
adoption. 


1A General Principles for Rating 
of Electric Apparatus for 
Short-Time Intermittent or 
Varying Duty (September 
1941) 

Test Code for Evaluation of 
Systems of Insulating Ma- 
terials for Random-Wound 
Electric Machinery (Janu- 
ary 1954 

Application Guide for Ground- 
ing of Instrument Trans- 
former Secondary Circuits 
and Cases (March 1951) 

Proposed Guide for Operation 
and Maintenance of Dry 
Type Transformers with 
Class B Insulation (October 
1952) 

Insulation Maintenance Guide 
for Large AC Rotating Ma- 
chinery (May 1954) 

Guide for Specification of 
Electronic Voltmeters (April 
1955) 


Guide for Specification of Sig- 
nal Sources (April 1955) 
Guide for Specification of 
Cathode - Ray Instruments 

(April 1955) 

Test Code for Carbon Brushes 
(October 1953) 

Test Code for Power Factor 
Testing of Power Trans- 
formers (January 1955) 

Test Code for Power Factor 
Testing of Distribution Trans- 
formers (October 1955) 

Test Code for Direct-Current 
Carbon-Pile Voltage Regula- 
tors for Aircraft (April 1955) 

Application Guides for: 
Ground.Fault Neutralizers; 
Grounding of Synchronous 
Generator Systems; and 
Neutral Grounding of Trans- 
mission Systems (October 
1954) 


No charge for copies 


American Institute of 


Electrical Engineers 
33 West 39th St., New York 18 
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what helps a 
scientist grow’? 


**Top-level associates” 


says Dr. Arthur Kantrowitz, 
noted authority in gas dynam- 
ics, member of Avco Ad- 
vanced Development, and 
professor, Cornell University. 


“A scientist’s effectiveness de- 

pends on mental stimulation 
provided by able associates. 
It’s important at all levels 
and it is essential to a young 
scientist.” 


**Technical sophistication” 


says Dr. E. R. Piore, former 
chief Scientist and Deputy 
Chief of the Office of Naval 
Research, now Avco V.P. and 
Chairman of its Committee on 
Advanced Research. 


“The more advanced, more 
challenging, the more techni- 
cally sophisticated his work — 
the better a talented scientist 
will respond.” 





Here are four factors given by 
distinguished Avco scientists. They reflect 
both the thinking and opportunity 


at Avco Advanced Development Division. 


‘‘An atmosphere of inquiry” 
says Eaton H. Draper, noted 
nuclear weapons systems expert 
and Engineering Manager of 
Avco Advanced Development 
Division. 

“Provide a climate which en- 
courages a healthy questioning 
of the known, as well as the 
unknown, and a scientist or en- 
gineer will perform at his peak 
...and even beyond.” 


Helping talented scientists and engineers—at all levels—become 


**Freedom from routine” 


says Dr. Mac C. Adams, noted 
aerodynamicist, author of 
papers on aerodynamics and 
gas dynamics, and Director of 
the Avco Research Laboratory. 
“A scientist is most effective 
when he is free to direct his 
full energy against major 
problems. Adequate technical 
assistance releases him from 
time-consuming routine.” 


more effective is the best way we, at Avco Advanced Development, 
know of helping our own growth. For that reason, we offer them 
assignments worthy of their abilities, stimulating associates, and 
the fullest technical support possible. Add to these factors the unique 
combination of small-company flexibility and large-company 
stability—and you have an environment ideally suited to growth. 
For outstanding men, Avco’s long-range expansion—in missiles 

and in all the physical sciences—offers unprecedented opportunity. 


WANTED: 


Leaders in the exploitation of new areas of Science 


Physical Scientists 
Advanced degree preferred — in Physics + 
Aerodynamics * Electronics * Metallurgy 
Physical Chemistry + Mathematics 
Engineers 


Electronic * Mechanical « 
Aeronautical « Chemical 


Write Dr. E. R. Piore, Vice-President in Charge of Research, 
Room 406 Avco Advanced Development Division, 
Stratford, Conn., or Phone Bridgeport, Conn., DRexel 8-0431. 





advanced development division 
avco defense and industrial products 


combine the scientific skills, and production facilities of 3 great Avco divisions of 
Avco Manufacturing Corp.: Avco Advanced Development; Crosley; Lycoming which 
currently produce power plants, electronics, air-frame components, and precision parts. 


avco 


MFG. CORP, 














North American has built more airplanes than any other company in the world 


ELECTRICAL MOTOR DESIGN ENGINEERS: 


CAN YOU MEET THIS CHALLENGE? 


North American has openings in its electrical motor groups. 
Your challenge is to help design smaller, yet more powerful 
electric motors for the Airborne Vehicles of the Future. You 
must have a solid background in fractional AC and/or DC 
motor design...be able to shape new materials into years- 
ahead concepts. 


You’ll work with a company where your professional standing 
is recognized and rewarded. You'll enjoy benefits unexcelled 
in American industry...see your ideas through all stages of 
development...participate in North American’s unique 
Patent Awards Program. 

LIVE IN BEAUTIFUL SOUTHERN CALIFORNIA. INVESTIGATE THIS UNUSUAL OPPORTUNITY 


NOW. FOR MORE INFORMATION PLEASE CONTACT: ENGINEERING PERSONNEL OFFICE, 
MR. L. W. STEVENSON, DEPARTMENT 56-EE, LOS ANGELES 45, CALIFORNIA. 





ENGINEERING AHEAD FOR A BETTER TOMORROW 


Norru American Aviation, INC. 


* TRADEMARK 





Please mention ELECTRICAL ENGINEERING when writing to advertisers DECEMBER 1955 





The legacy 
of the scientist rs the highest 
achievement of his predecessors. 


Only of he has tdeas and ability 


can he reach greater 


heghts. 


If you, as an electronic engineer, have the ideas and ability 
to reach greater heights—IBM will provide you with the 
means to do so. 


Over 41 years of transforming “blue sky” ideas into practical 
products has taught us that ideas can flourish only in an 
atmosphere of intellectual freedom . . . that they are nour- 
ished in an environment wherein great things are happening, 
and are stimulated by recognition and reward. 


And so, at IBM, we provide a practical way to let your ideas 
grow. You will work in modern laboratories with the latest 
equipment. You will probe the frontiers of electronics—seek- 
ing answers to problems of vital importance. 


As an IBM engineer, your status is highly regarded. The 
opportunity to exercise creative leadership is always open 
to outstanding men at IBM. For complete understanding of 
what this might mean to you as an IBM electronic engineer, 
write, briefly outlining your qualifications and interests, to: 
William M. Hoyt, Room 312. 


INTERNATIONAL BUSINESS MACHINES CORPORATION 
590 Madison Avenue, New York 22, N. Y. 


LABORATORIES IN ENDICOTT AND POUGHKEEPSIE, N. Y. 


Type of problems you will 
work on: 


e digital computer circuit design 


e electronic pulse circuits for accounting 


and data processing machines 
arithmetic switching and logical cir- 
cuitry 

magnetic storage 

transistor circuitry 

input-output device controls 

pulse amplifiers, shapers, gates, etc. 
electronic component development 
diagnostic and application program 
development 


e systems planning 


® functional and reliability analysis 


a 





Producer of electronic data 
processing machines, 
electric typewriters, and 
electronic time equipment. 
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Engineering 
ieties 

New York Chicago 
8 West 40th St. 84 East Randolph St. 





Personnel Service, Inc. 


San Francisco 


Detroit 
100 Farnsworth Ave. 57 Post St. 








In applying for positions advertised by the Service, the 
applicant agrees, if through 
the Service as a result advertisements, to pay 
fee in accordance with the rates as listed by the 

. These rates have been established in order to 

oo = Aarne ho pomane ne ene 
available upon requ applies to registrants 
whose notices are placed in these columns, 


Men Available 


ELEC ENGR, grad Berlin, Germany; 15 yrs European 
and 15 yrs American exper in application elec motors, 
rene and their controls; desires ons pos. 
be wg New York or New Jersey metropolitan area. 


ADMIN OR MANAGEMENT; B.A.; regis prof E.E., 
Cal.; 44, family; 20 yrs exper engrg des, lab supervn, 
factory asst mgr, sales ¢ , broad scientific and engrg 
background. Spanish working knowl. Desires asst to 
Pres or V. P., tech admin or tech sales admin pos, 
electronics, nucleonics or aircraft. Prefers San Fran- 
cisco peninsula or southern Cal. E-840. 


ELEC ENGR, M.S.E.E., M.I.T.; 36, married, 2 
children; directed factory elec motors and other 
elec items. Projected and supvd important theatrical 
and lighting installations, etc. Patents, publications, 
lectures in field. Spanish, French, Italian, Portuguese. 
by =! ea anywhere in U.S.; presently in So. America. 


Positions Available 


ENGINEERS. Project Engineer, electrical or me- 
chanical graduate, with at least five years’ aircraft 
equipment components experience, for product de- 
velopment on pressure transducers, pressure switches, 
equipment mounting racks; and various pieces of air- 
craft control equipment. (b) Project Engineer, elec- 
trical graduate, with at least five years’ aircraft control 
systems experience, for product development on posi- 
tioning systems: automatic pressure and/or temperature 


of the co-operating societies 
.50 per quarter or $12 
annum, payable in 
stems for 


control systems; and various ial p 

the control of secondary a aces, 
Design Engineer, electrical graduate, with aircraft con- 
trol systems es for product development on 
pressure transdu switches, uipment 
mounting racks and various pieces of ai t control 
equipment. Location, Connecticut. W-2145. 


BUILDING SUPERINTENDENT, 40-50, electrical 
or mechanical graduate, with at least ten years’ super- 
visory building maintenance experience, to administer 
and direct maintenance of buildings and grounds, 
equipment, steam lines, water, sanitation and plumbing, 
electricity, refrigeration, including costs, schedules, 
budget estimates and duties assigned by General Man- 


ger Salary, $10,000 a year. Location, New York, 


Y. W-2185. 


ASSISTANT MAINTENANCE SUPERINTENDENT 
electrical or mechanical degree preferred, with minimum 
of five years’ ¢ ience in su ision of mechanical 
and electrical maintenance work, to assist supervision of 
all maintenance work in mine, mill, sinter plant and 
village of large northeastern New York mining operation. 
ia $6000-$7500 a year, plus salary benefits. W- 


ELECTRICAL ENGINEER, B.S.E.E., experienced in 

i ma tics of electronic circuits and laboratory 
measurements of same. Able to take a research project 
and carry through with the research, design and de- 
velopment to a commercial product. ill include 

roper test work and proper writing of reports. Salary, 
Frebo-s8400 a year. ation, Pennsylvania. W- 
2237 (a). 





JET PROPULSION LABORATORY 


OF THE 
INSTITUTE OF TECHNOLOGY 


Pasadena, California 


CALIFORNIA 


has positions now open in the fields of 


GUIDED MISSILE INSTRUMENTATION 
AND TELEMETERING 


The Laboratory has the responsibility for the design and develop- 
ment of complete guided-missile systems such as the Corporal. 
of its success is credited to its small but outstanding telemetering and 
instrumentation group, which was one of the first in the nation to de- 
sign and employ transistor telemetering systems. 


This is an opportunity to associate yourself with the nation’s fore- 
most guided-missile research and development facility. Applicants 
must have at least a BS. in a related field from an accredited university 
with good academic standing and meet one of the following experience 


requirements: 


Experience or training in transistor circuit design. 
Experience in the development of missile te!emetering systems. 
Experience in instrumentation system design and data proc- 


Much 





Airmail your summary of qualifications and references to: 
JET PROPULSION 
4800 Oak Grove Drive, Pasadena, California 


CALTECH 
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EDITORS. (a) Editor, electrical graduate, with 

electronic design, development and application ex- 

i to are articles on electronic equipment. 

Balary, $6000-$ a year. (b) Editorial Assistant, 

electrical graduate, with electronic experience, to assist 

in preparation of electronic articles. Salary $5000- 
a year. Location, New York, N. Y. -2242. 


MANAGER, <p moony and Product Development, 
30-45, electrical degree, experienced as chief engineer in 
electro-mechanical type industries, Responsible for 
planning of all phases of product and process engineering 
and quality control; direction and supervision of engi 
neering staff, liaison with manufacturing and sales 
artments, etc. Salary, $10,000-$15,000 a yea 
ation, Westchester County, N. ¥. W-2277(b). 


CHIEF ENGINEER, 40-50, electrical graduate, with 
15 to 20 years’ engineering experience, preferably in 
household appliances or industrial electrical equipment 
fields; five years’ experience in charge of all engineering 
functions for average engineering department. Salary, 
$15,000-$25,000 a year. Location, Mexico. F-2304. 


ASSISTANT OR ASSOCIATE RESEARCH ENGI- 
NEER, preferably with at least an M.S. degree in elec- 
trical engineering or physics and thoroughly experienced 
in electronic circuit design and operation for research 
work in electronics section. Will conduct research 
and development projects, supervise occasional graduate 
student research and assist other section leaders with 
their electronic problems, Salary, $5000-$7200 a year. 
Location, Northwest. W-2357. 


FIELD ENGINEER with electrical engineering training 
and construction and installation experience, covering 
diesel-electric plants, power distribution and lighting 
facilities. Salary, $305 a week with overtime. Dura- 
+ 3 na one year. Location, northern Canada. 


PROFESSOR, Ph.D. in electrical engineering, with 
special training in electronics, to head up teaching and 
research in a small college. Will consider someone with 
no teaching experience or someone who has retired 
from industry. Position available in January, 1956. 
Location, South. W-2385. 


INSTRUCTORS in electrical engineering, to teach 
electrical engineering and possibly engineering drawing 
and mechanics. Salary, $2000 for the spring semester. 
Position starts January 30th, 1956. Location, South- 
west. W-2401-C. 


INSTRUCTOR, electrical graduate, with three years’ 

teaching or industrial experience, to teach electronics, 

servo-mechanisms and controls. Position starts Feb- 

ruary 1956. Opportunity for graduate studies, Salary, 

$4500 a year. Location, eastern Pennsylvania 
-2410. 


SALES ENGINEER to sell fractional h.p. motors for 
use on fans, airconditioners, tape recorders, small pumps, 
blowers, etc. Should be electrical graduate, 25-35. 
Salary, $6000-$7000 a year. Territory, Boston, New 
York, New Jersey industrial areas, Philadelphia and 
eee Headquarters, upstate New York. W- 
417, 


SALES ENGINEER, 25-30, mechanical or electrical 
graduate, with some sales experience. Duties will in- 
clude sales and engineering contacts with architectural 
and engineering electrical contractors, public 
utilities, governmental agencies, etc., for company 
manufacturing electrical connections, arc welding 
accessories, etc. Salary, $5400-$6000 a year. Terri- 
tory, New Gochcileen Teens area. Some traveling in 
New England. W-2430. 


ELECTRICAL ENGINEER, graduate, for condenser 
and dielectrics division. Should be experienced in the 
design of radar modulators. Minimum experience 
should be in the design and development of pulse form- 
ing networks in radar modulators. Any back- 
ground in power supply work helpful. Company will 
pay placement fee. Salary open. Location, Pennsyl- 
vania, W-2433. 


ENGINEERS. (a) Operation Analysis Engineer, 
Senior, 25-35, B.S. in Physics and Math, with four to 
six years’ experience in the operational analysis field as 
applied to instrumentation, computing mechanisms for 
missile programs and other weapons systems to deter- 
mine effectiveness of products in the development mage 
rior to acceptance for production. Salary, $8500- 
$10,000 a year. (b) Mathematic and Computing 
Engineers, Senior, 25-35, B.S. in E.E.; math major, 
preferably M.S. degree. Four to six years’ in the design 
and development of analog or digital computers, pref- 
erably in the guided missile field or in fire contro] appli- 
cation. Salary, $3500-$10,000 a year. (d) Physicist, 
25-35, Ph.D. in physics, with one to three years’ ex- 
a aon in conducting —— in the physics of 
igh temperature gases. Should have some familiarity 
with one or more of the following: gaseous discharge, 
combustion processes, spectroscopy, electronics, aero- 
dynamics. Salary, $8500-$10,000 a year. Location, 
onnecticut, W-2438. 


ELECTRICAL MAINTENANCE CONSTRUCTION 
ENGINEER with at least five years’ supervisory ex- 
perience covering installation and maintenance of com- 
mercial building light and power facilities. Salary, 
$7500 a year. tion, New York, N. Y. W-2451. 


WELDING RESEARCH ENGINEER, B.S. degree in 
engineering, with up to three years’ industrial experience. 
Type of engi ing course i terial providing it has 
included a good background a science. Better 
than average scholastic record essential. Permanent 


r. 
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osition with well established firm in modern laboratory. 
portunity to develop and learn. Salary open; 

" ¢ benefits. Location, north central New Jersey. 
-2461. 


TRANSFORMER SALES ENGINEER, to 40, with at 





Technical 
assistants 





least two years’ experience in selling electrical equip 

or application of electrical transformers. Knowledge of 
electric furnaces or electro-plating helpful. Will sell 
large transformers to users and O.E.M.’s of electric 
furnaces and _ electro-plating uipment. Salary, 
$5000-$6000 plus commission. Employer will negotiate 
fee. 50% travel. Car required. Location, Chicago, 
Illinois, C-3905. 


DESIGN ENGINEER with at least three years’ ex- 
perience in the electromechanical design of small intri- 
cate devices. Should know magnetics, materials, 
electricity. Will conceive, create and develop new 
control products, contactors, relays, regulators. Will 
direct design draftsmen in making layouts and drawings 
for new product. Creative ability essential. Little 
travel. Salary, $6000-$8000 a year. Employer will 
pay fee. Location, Illinois. C-3918. 


PROJECT DESIGN ENGINEER, B.S. in engineering 
or physics, with at least seven years’ experience in electro- 
mechanical design of small intricate mechanisms. 
Should know magnetics, materials, electricity. Will 
coordinate and contribute to the conception, creation 
and development of new control products. May direct 
design work of other engincers and draftsmen. ative 
ability required. Products: contactors, relays, sole- 
noids, regulators, etc. Little travel. Salary, $8000— 
$12,000 a year. Employer will pay fee. Location, 
Illinois. C-3919 


APPLICATION ENGINEER, electrical graduate 
22-30, with at least one year’s experience in electrica 
circuit design. Should know rotating machines, 
circuits. Will design electrical control panels to satisfy 
special customer specifications. Largely machine tool 
control and automation. Prepare elementary diagram, 
select circuit devices, write operating notes. Must deal 
with customer. Some travel. Salary, $6000-$7500 a 
year. Location, Illinois. C-3920. 


PLANT ENGINEER, 35-45, with at least two years 
experience supervising plant engineering and mainte- 
nance work. Knowledge of electrical and mechanical 
equipment. Will supervise crew of 50 to 60 people 
doing maintenance work covering all trades, welding, 
machine shop, steam generators and power distribution. 
For manufacturer of auto accessories. Salary, to 
$9000 a year. Employer will negotiate fee. a- 
tion, Indiana. -39)2. 


SUPERVISING TEST ENGINEER, electrical, me- 
chanical or aeronautical, 32-50, with at least three years’ 
experience in developing or testing of heat exchangers 
or aircraft components. Should know aircraft acces- 
sories. Will supervise exacting test work in lab. on air- 
craft components, equipment and accessories. One 
man as Chief Test Ragincer and two as Assistants. 
For manufacturer of auto equipment. Salary, to $9600 
a year. ead will negotiate fee. Location, 
Indiana. C-3923. 


RESEARCH, DEVELOPMENT AND DESIGN 
ENGINEERS, electrical or mechanical, to 60, with 
——- in research, development and design. 

ill be assigned to work on projects in missile guidance 
systems, inertial guidance equipment, aircraft turbine 
engine control, airborne fire control systems, bombing 
and navigational computers, electronic controls, electro- 
mechanical, communications and _ radar. Salary, 
$4800-$12,000 a year. a will pay fee. Loca- 
tion, southern Wisconsin. -3932. 


SENIOR ENGINEERS, electrical degree, mathematics 
or physics, 33-40, with ten years’ experience in micro- 
wave, radar, electronic system design, data reduction. 
Should know electronics, telemetry, system design. 
Should be draft exempt; U. S. citizen. Some travel. 
Salary, $10,000-$12,006 a year. Location, south- 
western Ohio. ~ C-3940. 


ENGINEERS, B.S. in electrical engineering, math, or 
physics; advanced degree desired; 29-35, with seven 
ears’ experience in theory, data reduction. Should 
iva electronics, radar, SHF techniques. High security 
classification; should be draft exempt. U. S. citizen. 
Some travel. Salary, $8000-$10,000 a year. Location, 
southwestern Ohio. C-3944. 


DEVELOPMENT ENGINEER with at least five 
years’ experience in ee or developing record 
changers or tape recorders. ompany manufacturers 
sound equipment. Salary, $10,000-$13,000 a year. 
Location, Chicago area. C-3955, 


SALES ENGINEER, electrical or mechanical, to 35, 
with at least three years’ experience in air conditioning. 
design, application or sales in commercial or industrial 
field. wih contact distributors and O.E.M.’s and 
contractors of commercial and industrial air conditionin; 
or refrigeration. Salary, $6000 a year. Employer wi 

ay fee. Home week-ends. Several territories open 
in U.S. C-4000. 


TECHNICAL EDITOR, electrical, mechanical, in- 
dustrial or aeronautical engineering degree, 25-35, 
with at least three years’ experience in technical writing 
in control or instrument field. Will assist editor on 
technical society’s publication staff, handling original 
articles, field reports, re-write, evaluating material 
and planning complete monthly issues on automatic 
controls and automation. Occasional travel. > 
$7000-$9000 a year. Location, Pennsylvania. C-4047. 


Tor. :. 











Electron 











‘lubes 





The Electron Tube Laboratory is engaged 
in research and development in 

‘the fields of direct-viewing storage tubes 
and microwave tubes. The personnel 
comprises men with many years’ 
experience in the field of electron tubes 
and their applications. 








Very new developments in microwave and display tubes have 
created a number of openings at the research and development 
level for Laboratory Assistants. At Hughes, engineers, scien- 
tists and technicians develop their ideas from inception to quan- 
tity production. Thus, assistants working with electron tube 
products have unlimited scope for applying their talents and 
skills to a wide range of military and commercial uses. 








You should quality in any 3 of the following areas: 





Electron Circuitry and Test 
Hquipment Construction 


Mechanics and Benchwork Skills 
Tube Fabrication Techniques 
High Vacuum Techniques 
Microwave Testing 

Tube Chemistry 

Precision Assembly 








Scientific 


rnney| HUGHES 


Staff 





Research and Development Laboratories 


Culver City, Los Angeles County, California 
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32 SENIOR ENGINEERING JOBS 


WELL WORTH LOOKING INTO... 


Senior Engineer 


DYNAMICS 


6-10 years experience in ana- 
lytical dynamics and control 
system synthesis. Some famili- 
arity with structural dynamics 
and microwave systems is de- 
sirable. Ability to direct and 
train engineers. Advanced 
formal training in analytical 
dynamics and/or servo loop 
analysis is essential. 








Senior Engineer 


MEASUREMENTS 
& STANDARDS 


7-10 years in field of electrical 
and electronic measurements 
and standards. Knowledge of 
and experience with calibration 
of instruments and test equip- 
ment in fields of vibration, 
impact, microwave, UHF & VHF, 
video and audio and associated 
equipments such as DC and AC 
meters, ‘scopes, bridges and 
recorders. Supervisory ability 
required, 


Senior Engineer 


ELECTRONICS 





6-10 years experience 
in missile or radar 
electronics. Advanced 
education or equivalent 
development experi- 
ence is highly desirable. 





Here are three especially attractive job op- 
portunities for engineers who want to get 
on the ground floor in the important, in- 
teresting, and challenging phase of a new 
industry —guided missiles. 

Qualified men are given real job responsi- 
bilities with Bendix and grow with the de- 
velopment of what is not only the nation’s 
most important weapon system, but a project 
that will undoubtedly lead to new and im- 


portant long-range commercial application. 

At Bendix you will be associated with top 
missile authorities and have at your command 
unexcelled engineering and manufacturing 
facilities. Salaries for these top jobs and other 
opportunities are open for discussion. Write 
today to: Mr. W. L. Webb, General Manager, 
Missile Section, Bendix Products Division, 
Bendix Aviation Corporation, 402 North 
Bendix Drive, South Bend, Ind. 





23 OTHER ENGINEERING POSITIONS! 


Bendix also offers unusual job opportunities 
for assistant engineers, junior engineers, 
and technicians, as well as a score of other 
assignments. A 30-page book describing in 


detail every phase of our guided missile oper- 
ation will be sent to you on request. If you are 
interested in guided missiles, this book is 
bound to interest you. Write for it today. 
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Professional Engineering Direciory 


Professional Engineering Directory Card 1” x 2” 


12 times $120.00 





AIRPAX PRODUCTS CO. 
Development Division 
Specialists in the 
Design and Manufacture of 
Unusual Transformers and Relays 


Middle River Baltimore 20, Md. 


INTERNATIONAL 
ENGINEERING COMPANY, INC. 
Engineers 
Investigations—Reports—Design 
Procurement—Field Engineering 
D stic and Foreign 


74 New Montgomery St., 
San Francisco 5, Calif. 





MINER and MINER 
Consulting Engineers 
Incorporated 


Greeley Colorado 








BLACK & VEATCH 
Consulting Engineers 


Electricity—W ater—Sewage—Industry 
Reports, Design, Supervision of Construction, 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


JACKSON & MORELAND 


Engineers cnd Consultants 


Design and Supervision of Construction 


Reporte—Examinations—Appraisals 
Machine Design—Technical Publications 
BOSTON NEW YORK 


Consult 
Z. H. POLACHEK 


Registered Patent Attorney 
1234 BROADWAY 
(At 3lst St.) 

New York 1, N. Y. 


PHONE 
LO. 5-3088 








DeLEUW, CATHER & COMPANY 
Consulting Engineers 
Transportation, Public Transit and 
Industrial Problems 
Industrial Plants—Grade Separations 


ee A ae I = me ea 
Tunnels—Power Plants—Municipal Works 


150 N. Wacker Drive, CHICAGO 6, Ill. 
79 McAllister St., SAN FRANCISCO 2, Calif. 


q CONSULT THIS DIRECTORY 
when in need of specialized 


engineering service 


FRANCIS W. RINGER 
ASSOCIATES 
Consulting Corrosion Engineer 


7 Hampden Ave. MOhawk 4-2863 
Narberth (Suburban Phila.) Pa. 








Electrical Testing 
Laboratories, Inc. 

Electrical, mechanical, photometric, radio- 
metric and chemical laboratories, rendering 
testing, research and associated services, 
including certification, inspections at factories 

and field investigations. 


2 East End Avenue at 79th St., New York 21 


THE KULJLIAN CORPORATION 


Engineers ¢ Constructors e Consultants 


POWER PLANT SPECIALISTS 
(Steam, Hydro, Diesel) 


Utility e Industrial e Chemical 
1200 NO. BROAD ST., PHILADELPHIA 21, PA. 


SANDERSON & PORTER 
ENGINEERS 


DESIGN 
CONSTRUCTION 


New York 








TRANSISTOR ENGINEERING 
S. Moskowitz D.D. Grieg N. J. Gottfried 


Product Transistorization, Complete Service in 
consulting, research, development and pro- 
duction on transistor circuitry, products and 
instruments. 


Electronic Research Associates, Inc. 


67 East Center Street, Nutley, N. J. 
NUtley 2-5410 


PETER F. LOFTUS 
CORPORATION 
Design and Consulting Engineers 


Electrical e Mechanical ¢ Structural 
Civil e Thermodynamic e Architectural 


First National Bank Building 
Pittsburgh 22, Pennsylvania 





SARGENT & LUNDY 
ENGINEERS 
140 South Dearborn Street 
CHICAGO, ILLINOIS 








FREDERICK RESEARCH CORP. 
BETHESDA 14, MARYLAND 

Tel: Washington, D. C., OLiver 45897 
Research Studies, Evaluations, Specifications, 
Development, Engineering, Prototype Manu- 
facture, Technical Writing, Drafting Art Work 
Offset Printing—In fields related to Elec- 
tronics Test Equipment, Radio Interference, 
VHF- Tuners and Circuits, Missiles, 
Electromechanical Systems and Components. 


N. A. LOUGEE & COMPANY 


Engineers and Consultants 
REPORTS—APPRAISALS—-DEPRECIATION 
STUDIES—RATE CASES—-BUSINESS 
AND ECONOMIC STUDIES 


120 Broadway New York 


The J. G. WHITE 
Engineering Corporation 
Design—Construction—Reports— 

Appraisals 


80 Broad Street NEW YORK 











HIGHLAND ENGINEERING CO. 
William R. Spittal & Staff 


Design, Development and Manufacture 
of Transformers, Chokes Etc. 


for the . 
Electronic, Industrial and Allied Fields 
90 Magnolia St., Westbury, L.I., N.Y. 
WE-7-2933 








MEASUREMENTS CORP. 


RESEARCH & MANUFACTURING 
ENGINEERS 


Harry W. Houck Martial A. Honnell 
John M. van Beuren 
Specialists in the Design and 
Development of Electronic Test Instrument 


Boonton, N. J. 








PROFESSIONAL SERVICES 


over a wide range are offered 


by these cardholders 
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Another new development using 


B. F. Goodrich Chemical ~~ =--:-- 









These ducts are made by Taylor Electric, 


Inc., Detroit 23, Mich. The B. F. Goodrich Chemical 
Company supplies only the Geon polyvinyl materials. 


NEW DUCT MADE FROM GEON 


—— 


gives Safer, faster, hetter-looking harness installations 


LECTRICAL harness wires are 

installed three times faster with 
this new duct made of Geon rigid 
vinyl resin. You lay the wires in 
the duct, slip in retaining clips, run 
wires out any of the punched holes 
to their connections, snap on the 
cover, and you’re in business. 


Geon rigid vinyl is ideally suited 
for this job because it protects the 
wires from fire, chemical action 
and abrasion. The new duct is a 
safe, quick way to wire a control 


panel and makes re-wiring a matter 
of minutes by eliminating unlacing 
and re-lacing bundled wires. 


Rigid sheeting made from Geon 
can be formed into many shapes. 
It has high impact strength, high 
dielectric qualities, cuts easily — 
reasons why Geon is taking over 
with new applications every day. 

Perhaps the versatile qualities of 
Geon can help you solve some pro- 
duction or cost problem. For tech- 
nical information about Geon and 


its applications, write Department 
BH-6, B. F. Goodrich Chemical 
Company, Rose Building, Cleveland 
15, Ohio. Cable address: Good- 
chemco. In Canada: Kitchener, Ont. 





GEON RESINS « GOOD-RITE PLASTICIZERS . . . the ideal team to make products easier, better and more saleable. 


GEON polyvinyl materials « HYCAR American rubber and latex e GOOD-RITE chemicals and plasticizers e HARMON colors 
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Whiskers on tin-plated steel, enlarged 6 times. Immense yield strength 
of metals in whisker.form was discovered by Bell scientists. 


The clue of the metal whiskers 


The habit of close observation at 
Bell Laboratories often turns “tre- 
mendous trifles” into important scien- 
tific progress. Such a case occurred 
when unexplained short circuits in 
wave filters seemed to be associated 
with a zinc-plated mounting bracket. 

Close scrutiny disclosed a whiskery 
growth on the zinc plating. Similar 
whiskers of tin were found growing 
on tin-plated equipment. Studies 
showed the whiskers to be tiny single 
crystals of metal. 

Suspecfing that these unusual crys- 
tals might be of essentially perfect 
structure, alert Laboratories scientists 
saw an opportunity at last to test 


an important metallurgical theory. 


The scientists studied the whiskers, 
grew larger ones, and showed that the 
crystals had enormously high yield 
strength as predicted by the theory 
for perfect crystals—a strength far 
greater than for the same metal in 
any other known form. This clue has 
opened new frontiers in the study of 
what makes metals strong or weak, 
and has excited metallurgists all over 
the world. 

Thus, another new advance has 
come out of the Bell Telephone Lab- 
oratories practice of scrutinizing 
everything that can play a part in 
better telephone service. 


BELL TELEPHONE LABORATORIES 


Through the study of thousands of specially cul- 
tivated whiskers, Bel! scientists seek to prevent 
treacherous growths in telephone equipment. 


Gente ® 


IMPROVING TELEPHONE SERVICE FOR AMERICA PROVIDES CAREERS FOR CREATIVE MEN IN SCIENTIFIC AND TECHNICAL FIELDS 
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The new WS Series VARIACS are another step in General 
Radio’s continuing research and development program to assure 
users that the VARIAC will always be the best continuously- 
adjustable auto-transformer available anywhere in the world. 
The new WS’s have many improvements over the popular Type 
V-5, electrically and mechanically and in operating convenience. 
INPUT gene Amperes 
Volts KVA Volts Rated Mex. Type Price Description 


115 60 


~ 


Me 
@ 


ws $17.00 Uncased 


Some Features Are: 
Basic W5 model has 20% Increased Power Rating 
Drawn Wrought-Aluminum Square Base, De- 115 
signed for Excellent Heat Transfer...muchmore __ 
rugged vee will withstand MIL-T-945A Shock 115 0.69 
and Vibration Tests 
Improved Brush Radiator . . . setting of radiator 230* (0.60 
and brush independent of position of shaft .. . 
disc-type radiator completely covers and protects 230* (0.60 = 
Duratrak brush track : 

. . . . * - 
Enclosed single and ganged models in industrial- 230 0.55 oaee 
type rectangular cases . . . Cam be pamel, bebririch =| xen 
panel, wall or table mounted . . . conduit knock- *The 230-volt models can be used on 115-volt lines. When so used, the 0-270 volt 
outs conveniently located all mounting hard- output range is limited to a rated and a maximum current of | ampere. 
ware included A Completely enclosed with conduit knockouts c — * (B) i an 

: ’ s B Bench model with 2-wire line cord, line switch, grounding line cord and J-ter- 

tk ee ae = ae ae outlet, overload breaker and carrying handle minal plug 
square base for convenience and extra rigid- 
ity. In most cases can be substituted di- 
rectly for V-5’s. 


Type W-5 VARIAC Assemblies 
Type Description Price 


W5G2 2-Gang WS $41.00 
W5G2M 2-Gang WS completely enclosed | 49.00 
with conduit knockouts 
W5G3 3-Gang W5 61.00 
W5G3M 3-Gang W5 completely enclosed | 69.00 
with conduit knockouts 
S22... _ rr 
W5HG2 2-Gang W5SH 45.00 
WSHG2M st ie WSH 0 en enclosed | 53.00 Three-gang cosed models 
with conduit knockouts showin oxtra-heavy 
W5HG3 3-Gang WS5H 67.00 internal construction 
nee b | t 
ed ‘conduit — WS5HG3M 3-Gang W5H completely enclosed| 75.00 ie pte ng bow ng 
Phe ah peas hte with conduit knockouts provided for table mounting 
SL - or vertical wall use 
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115 wsm 21.50 see footnote A 


WSMT | 26.50 see footnote B 
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WSMT3 28.50 __see footnote C 
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WSHM 23.50 see footnote A 
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275 Massachusetts Avenue, Cambridge 39, Massachusetts 


90 West Street NEW YORK 6 
8055 13th St., Silver Spring, Md. WASHINGTON, D. C. 
1150 York Road, Abington, Pa. PHILADELPHIA 
20 S. Michigan Ave. CHICAGO 5 : P 
1000 N. Seward St. LOS ANGELES 38 We sell direct. Prices shown are NET, 
f.o.b. Cambridge or W. Concord, Mass. 
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Torreon Electronic Components 


For many years the Radio Corporation of America has been actively 
engaged in a broad program of research, development, and pro- 
duction of solid-state materials and devices. 

Many of the electronically active solids uider study and develop- 
ment at RCA have opened or are opening the way for new products 
and circuits. For example, photo-emissive and secondary-emissive 
materials have made possible the Image Orthicon and the multiplier 
phototubes. Photoconductive materials are used as light-sensitive 
elements in the compact Vidicon camera tube; and in new develop- 
ments, they are making possible sensitive photoconductive cells 
for a host of potential applications. 

RCA work on cathodoluminescent materials so widely used for 
the screens of cathode-ray tubes is being extended to find new 
applications for these materials; in addition, the newer electrolu- 
minescent materials are also being investigated to determine po- 
tential fields of application. By combining photoconductive and 
electroluminescent materials, RCA Laboratories are developing the 
light amplifier for intensifying images. 

RCA advances in the understanding of semiconductors have re- 
sulted in important improvements in transistors. In addition to its 
commercial line of precision-made transistors and germanium 
point-contact crystal diodes, RCA has under development other 
types which will open new avenues of circuit design. 


New ferromagnetic and ferroelectric materials under study are 
expected to facilitate the construction of miniature components for 
transistorized equipment . . . for electronic computers and business 
machines . . . and for many other applications symbolic of electronic 
progress. 

Both in research and production, RCA is geared to contribute to 


the needs of industry for new and better products for expanding 
markets. 


RCA DISTRICT OFFICES: 


EAST: HUmboldt,5-3900 
744 Broad Street, Newark 1, N. J. 
RADIO CORPORATION of AMERICA 
MIDWEST: Whitehall 4-2900, Suite 1181 


TUBE DIVISION MARRISON, N.4 * Merchandise Mart Plaza, Chicago 54, Ill. 
WEST: RAymond 3-8361 


6355 E. Washington Bivd., 
Los Angeles 22, Calif. 





